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ABSTRACT 


This study was designed to investigate constant resistance (force) 
settings for 30 s tests of maximal anaerobic power on a modified 
Monark bicycle ergometer. Twelve active to highly trained adult males 
had multitrial determinations at various resistance settings to obtain 
the true force to elicit maximal power output in 30 s (FMPO). True 
maximal power output (MPO30s) exceeded the power output obtained with 
the weight-relative Wingate protocol. Retest of MPO30s at FMPO proved 
reliable (r = 0.962). Regression equations were developed from (a) a 
combination of body weight and leg volume: FMPO,kp = -0.4914 - 0.2151 
(WI,kg) + 2.1124(LEGV,L) where R = 0.873, and (b) power output at 


5.0 kp to predict FMPO: FMPO,kp -9.0166 + 0.0291(PO5kp,W) where 


Ro Us fo, CO obviate multitrial tests. The former (anthropometric) 
method was used to obtain power outputs on the 1980 Canadian Olympic 
Hockey Team of 775.1 + 74.6 W (9.58 + 0.78 W/kg). An optimal combina- 
tion of resistance setting and pedalling speed seems necessary to 
elicit true maximal power output for an individual in a 30 s ergometer 


test. 
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for you have one master, 
the Christ. 


MATTHEW 23: 10 


,ersseem beliso, sd rad3ish i | 
reicam sno aved wow vod a aan 
? te © : : ah — _ AS 


werd eof © 
r* ' 7 


. ka j = 
Date ha! 1 4 or 


TABLE OF CONTENTS 


PROMO AIL ac ofVeleis tite tte’® oitis GS et % 
Statement of the Problem ... 
Lam CACLONS.. ee eta et ns 7s 
Beperamental Errore si 4! 57 ss 


esas Part OOS. gts a elle. eve 


DOLL. CLOn OF Terms... oe Se 


REVIEW OF LITERATURE 


A Study of Factors Limiting and 
Expression and Measurement of 


Modifying 
Anaerobic 


General Subject Disposition .... 


NEeciT AGT nody, seructure %.) 4, .J.< 


Specific Body Function. . 


Measurement and Expression. .... 


Physiology and Energetics 


Test Duration and Anaerobic Time Cou 


Climate e e e . e es e e e 


Factors Interacting, Emphasized and 


Unexplained fesartnencas 

MESUORGTy D-z . -Matede of Corcedas 
lye, be ee gn lee et at's 
Apparatus . . »Anadyegec + 2: 3 
Procedures) .A.Consesvarive Fst 
Introductory Session... 


Experimental Test Sessions 


Test Proceduse wantin . 


. e . s . 


rse 


PAGE 


48 


48 


, 387u09 ‘omit o tdoreerh bas. ai sor 


Dyke Oe a ei 


aot ; ~~ 
ss Vim + (4,22) 6)! oF AGe, m9 . ., ie. tf 5 = 
s ' 


A gp Sls 4 i ais alia 


monte ss + at) 


RESULTS 


Olympic Hockey Team Test 


Statistical Analysis... 


DISCUSSION. . 


Implications and Applications . 


SUMMARY AND CONCLUSIONS ..... 


REFERENCES . . 


APPENDICES. . 


APPENDIX 


APPENDIX 


APPENDIX 


APPENDIX 


APPENDIX 


APPENDIX 


APPENDIX 


APPENDIX 


APPENDIX 


APPENDIX 


APPENDIX 


APPENDIX 


APPENDIX 


A-I 


A-II 


A-III 


A- IV 


A-V 


B-I 


B-I1I 


D-I 


D-II 


Session 


Physical Characteristics 


SU IRC Ss lie cc 


Submaximal Power of Experimental Subjects 


Individual Power Curves 


of Experimental 


Maximal Power of Experimental Subjects , 


Physical and Functional Characteristics 


of the Olympic Hockey Team . 


Pairwise Dependent t-Test for Difference 


between MPO30s and PO at mean FMPO . 


Pairwise Dependent t-Test for Difference 


between MPO30s and FPOWIN . 


Reliability of Maximal Power Output for 
the Experimental Subjects 


Matrix of Correlation Coefficients for 


Regression Variables , 


Summary of Stepwise Multiple Regression 


AOBLVSESi. 5. 


A Conservative Estimate of R 


Distribution of FMPO Residuals Versus 


True FMPO . « « 


Distribution of FMPO Residuals Versus 


Leg Volume... 


a i ol 


. 


i 


e 


PAGE 


103 


104 


106 


107 


132 


i 


136 


138 


140 


143 


144 


146 


148 


150 


% 
Ht} 


BOAT ee id 
a eee eo see? mseT eedoet ok 
ee ee 


ge . . ¢i2 - - . . . 7 . - . . . o* 2s © . . 7 ait . x * * o 
& E - : 
v t vos o. Jom 814 fe Ce, 08° @) et 65 See Se eee ON a a 


\L3 late 


38 cee ve been ves + + smo%@ROHiggA bine naotans digas 


_ 


oe Ene Ra cre Pa cnn 
cor Ne Seen 


[stoomieaxS to 20itetre3oszen ipskagis B 
aol . 7 . . . 7 — . 7 = - . . € * 7 . « . etoepdne 


 —— e35st iduc Isinomirsqxa io sewod Lemixsadue II-A 3 
tor 2 Cw woebletes) 2 5 eee eee subivibal 
cel . . . « . Baospdue Istasmizeqxa Zo sewod ae VI+d 


eotdebxs 4osrsHdO0 IsporjonuT bar fastegat 
BRE ww tk kw ew + MST YSAQOH olganeO Sua ea er 


; soneTettid aot Seairs ns aatyt t-4 
o£! ~ +. . » = » OS Bec Bi OF bas a0 S0Ai a ew rv hd 


soneve23hd yo? JesT- > Inobnsged sghwsled Ii- Xiguy 
BED 5 ul ss “Gat CRS ee referee shine Paty oars . fe 


. 
<0% spha00 Tewot secret 
RR Parr ene lac fy: el [sinemitogxa BG 


kee Or Panay 


nokeeoraeh olga fi sebemadt hy 


APPENDIX E-III 


APPENDIX E-IV 


APPENDIX E-V 


APPENDIX E-VI 


PAGE 


Distribution of FMPO Residuals Versus 
Weight e e © e ° . e e . . e e . ry e e e ° ° e 152 


Distribution of FMPO Residuals Versus 
POSkp e ® e ° e e . e . . ° . . ° e . ° e e e l 54 


Unidimensional Scatter Plots of FMPO 
Besiauals asa Test or Normality . . .. .« «+. 156 


Comparison of True and Estimated FMPO 
and MP 03 Os e s . e e s e e e i] . * e e . s ° Ny 58 


ix 


BOAT Ss i oar 
auersv elsubesh Osi Bo snseuss 


Sei CR kee 6 oR ey a ee eee 8 


: iw ws 
avers | atid 2s out aca 


*¢e é- «4 . 
a 


—-* 
ws. a ae |e ee eee i ee 


OGM4 20 etolS ressEaz deiimentiie vs xa ot 
eer...» .. . Jr BimtoM To jeeT s 86 aisublesh 


a _T : 
O°ME bedamtied bas ovxT to noe irsqaed “Ta TOMSITA 
Bel ceva v.a sue bs ek 6s 0) erie tt Ve 


ee MEI ix 3) ; 


Table 


Le 


LIST OF TABLES 


Description Page 


Survey of Anaerobic Power Tests for 
the Bicycle Ergometer 34 


Maximal Power Testing Options 81 


LIST OF FIGURES 


Individual Power/Time Plot 
Group Power Curve 
Relationship of MPO30s and true FMPO 


Relationship of True and Estimated FMPO 
(Anthropometric) 


Relationship of True and Estimated FMPO 
(Pretest) 


Relationship of MPO30s and PO at the 
Estimated FMPO (Anthropometric) 


Relationship of MPO30s and Leg Volume 


Relationship of MPO30s and Weight 


xi 


Page 
as 
59 


63 


65 


67 


os 


sole = samme 
evi #4 


. 


OFME outs Boe iat ‘ea 


OUT bsssmtszes bas sutT to. qideno, 
Ge 


5 


ef3 35 OF bas 20809M to <enans 
a rk “OUT be | 


smuloV gs] bas an comm to a . xi 


tigisW bas 20£09M to 


INTRODUCTION 


Physical activities, dakerbdpanes athletic events, are character- 
ized as either aerobic or anaerobic and static or dynamic in nature. 
Although static components, such as stabilization of joints or trunk, 
occur in athletic endeavours, dynamic components of moving the limbs 
or the total body comprise the effectual part. Movement means the 
expenditure of energy to allow work to be done in exerting a force 
through a distance. Power, the rate of doing mechanical work, or the 
intensity of the physiological response to the work, is implied in all 
movement. Varying factors of movement, such as force, speed, distance 
or time, will alter the physiological response to the work of movement, 
leading to utilization of different biochemical pathways, anaerobic or 
aerobic, to sustain the effort. Anaerobic power, when tested as an 
element of fitness, is the subject's ability to do as much work as 
possible in a fixed, brief period of time. 

The relationships between internal biochemical events and 
associated external production of muscular work have developed over 
the last century. In 1841, Berzelius noted that the muscle of deer, 
run to exhaustion, showed elevated lactate levels over resting values 
(Davies, 1971). The relationship of the formation of lactic acid and 
muscle energy release in humans involved in exercise was investigated 
by A.V. Hill, Long and Lupton (1924). The concept of "oxygen debt" 
was thought to be linked to lactate production. Margaria, Edwards 
and Dill (1933) partitioned oxygen debt in exercise into an "alactacid"” 


portion, as initial fast component of VO, recovery after exercise not 
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due to lactate removal, and a slow component of recovery associated with 
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lactate accumulated during exercise. Huckabee (1958) however concluded 
that a single exponential recovery of vo, occurred instead of a double 
exponential expression. There supposedly was no alactacid portion. 
They attributed the debt to a lack of oxygen to oxidize accumulated 
lactate, which in turn was due to tissue hypoxia. Because lactate 
could be increased in the blood by several non-hypoxic measures, he 
introduced the idea of "excess lactate", the ptt of of lactic acid 
attributable to tissue hypoxia. Glycolytic involvement in production 
of energy for muscular work becomes sizeable after severe depletion 
of high-energy phosphagen stores just before 1 minute of heavy work 
(Saltin, 1973) and aerobic involvement after 2 minutes of exercise 
(Astrand and Rodahl, 1970). The investigation of biochemical causality 
in muscular power continues. 

Measurement of mechanical power of human subjects has been made 
in laboratories for some 60 years. For example, D,A. Sargent (1921) 
incorporated factors of body height, weight and vertical jump height 
into a physical efficiency index. Thus body dimensions, 'mechanical 
advantage", performance, ''strength speed and energy" have been concepts 
in power testing for a long time. L.W. Sargent (1924) qualified the 
expression of results of the Sargent jump to divide the "total work of 
the jump’ by the body weight and realized 'flabbiness and fat, slowness, 
poor coordination and lack of driving power and interest are penalized 


"The importance of speed of execution of the 


by the actual results, 
jump and the suggestion of rate of work in the jump as a power measure 
were qualified. Because strength was poorly correlated with jump height, 


strength alone was not the only factor in the test but "muscular sense, 


skill and speed" contributed. 
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The study of human power had its origins not only in athletics 
but in aeronautics also. Dr. Brustman, a German medical doctor and 
sports physician, entered man-powered flight contests in 1929 in an 
ornithopter, built around and above a bicycle, "high on the wheels, 
flapping the wings like a newly hatched chicken." To exemplify 
possibilities of human power levels being adequate for such efforts, 
Brustman postulated the hyperbolic power function (power/duration 
plot) with asymptotes of maximum instantaneous power of approximately 
1800 Wand enduring power of 190 W (Lippisch, 1960), a somewhat more 
elevating contribution to the science of motion. Similar power out- 
puts of 220-240'Woccurred in a recently successful man-powered flight 
across the English Channel (Allen, 1979). Hutto (1938) explored the 
joint contribution of strength and velocity factors in boys' track 
and field events by factor analysis. He concluded both factors work 
together as a single component of athletic power. The concurrent 
evidence given by Hill (1938) of a hyperbolic force-velocity relation- 
ship in isolated muscle preparations confirmed the physiological 
internal and performance-oriented external importance of human power 
as a combined function of force and velocity of movement. 

Current investigations of anaerobic power have revolved around 
impulse and high power tests. Performance-oriented impulse tests 
included the standing broad jump, vertical jump and stair run 
(Margaria, Aghemo and Rovelli, 1966), lasting less than one second, 
Mechanical tests of high power in the Laboratory have usually involved 
all-out bicycle trials with a fixed resistance (force) setting and an 
all-out pedalling cadence (velocity). Cumming (1973) employed a test 


lasting 30 s (30 s time frame) for such an anaerobic test on children. 


= ha 4 
ay 


eokdeidse ai vino Jon enigtro 23% bert ssweg Baad ( 


bas xots0b Iectbsm warsd » .npeseosé «20 .oela eedduehores ahiaud 
ap at OSCE ni acnednoo adgtl® beréwodeier bexeias)emholeulg acsegn 
»sipede ena no igi’ .pboybid 8 ‘svods fae Onvoze tied ,sesqodsinzo 
Ghiamsze oT ".nsilotds bedossd yiaen setts enekw sd3 gniqqsi? 
<82703%e owe sot sisupsbs goited elevsl. iad nspwun te eettiigdieseq 
nottatub\iewoq) noltoaus rawoq oilodssayd od? bexpizseoq nemseuad 


qlesemizerqda to isvoq-tyosssingsieni mumigsm. to esvosqmuyes saby. (tolg 
osem ieriwamoe 5 . (008! ,Aoetqgtt) WORl So zewoq gkawhee keeW OBL © 


-dyo zewoq rslimic .notjom to sonoine of’ oF noksusixsaoe goliasvels ) We 


ddgki2 bexewoa-nem Iuigesoove yiiasost £ Bs botrupoo W OdesOes te e2uq oa c 
sd3 betolgxs (8601) ot7uH .(RYGL .noils) lenasdd: detign® ed2,esenss 
dsez2 ‘eyod ni erot261 vitcolsv bns dignes3e ge soksydisanoa gatet in 
Pa; 


axew exotost sized bshufonos oH .ateylag& 10396% 4d eaneve bleltt bre 
dnevmuscos sil .Tswod 3tssidts 30 sn 9mMogMoD slente 5 8 xsszego? id 
-nokteles ytioolev-s2x0% otlodzegyr & to CBEQl) ILD vd mevlgegeeniee 
Jazigoloteydd end bettered enoijs;rsqsig sloeum beretoel nt qide . 
zaweg mermud To sonfetroqmt léni53%5 balasiro-sonsmroiteg, bas deqggasns 
,inamevem Io yitgolay bas.earro2 19 foljonu3, dbenidmes & eB 

beavers bseviover svid rewod didoronas Ho Dehua taba gustqw2 
ejee9 seluqms baguet0~Borsars03709 etGe2 7ou0R st sg ! 
nya thaga bos’ qua fentprev amt “bgord arsbanae ah tated 
-broges smo mada ees] gnitas! ,(d00l .tilevoi bss ometigk 
Rerdevnt shine auaiigenancdssi ng? joy 5 telog ght vo me td 
Ge bas gnistse (so708) Keasinn Saad i selie 


An 2 a AR ae fean 


vi 


Subsequently Ayalon, Inbar and Bar-Or (1974) used the 30 s test dura- 
tion and a force setting relative to the individual subject's anthro- 
pometric dimension (F = 0.075 kp/kg body weight, personal communication 
with O, Bar-Or, 1977) to test anaerobic power. Campbell, Bonen, Kirby 
and Belcastro (1979) similarly used a force setting relative to a 
previously-tested physiological functioning (F = 1.5 x F at VO,max with 
60 rpm cadence). 

Anaerobic athletic events are as numerous as aerobic ones but the 
measurement of anaerobic power seems much less established. With 
awareness of the importance of the force-velocity relationship in 
various muscle studies in vivo and in vitro and the need for an 
anaerobic power test of a sufficient duration to tax phosphagen-split- 
ting and glycolytic mechanisms, the author undertook the study to 


determine appropriate resistance settings for such a measurement on 


the bicycle ergometer. 


Statement of the Problem 


The purpose of this study was to improve an existing anaerobic 
power test for active to highly trained subjects by developing methods 
of determining resistance settings on a bicycle ergometer to elicit 
maximal power output on a 30 s all-out protocol. The study examines 
the following questions: 

1. Do the power outputs of existing protocols elicit 
true maximum power output (MPO)? 

2. Is the determination of MPO reliable? 

3. Is there an expendient method of estimating the 


force setting that elicits MPO (FMPO) without 
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numerous test trials involved in developing the 
complete power curve for an individual subject? 
4. What are possible power outputs for active to 


highly anaerobically trained athletes? 


Limitations 


The following limitations may have had an effect on this study: 
- there was a Limited bet of subjects available (n = 12). 
- a heterogeneous group of active through to highly trained 
subjects. was sought but 8 were active and 4 were highly 
trained. 
- the study is limited to the mechanical development of 
power on the bicycle ergometer with no invasive measure- 


ments. 


Experimental Error 


One source of error identified was some hysteresis in calibration 


of force setting from 8.0 kp to 10.0 kp. 


Delimitations 


This study involved active to highly trained male adults. The 
applicability to other sex, age and fitness groups requires further 
investigation. Cross validation is necessary in a future study, The 
power of the leg extensor/flexor group is studied, Other similar tests 


could be developed for other muscle groups. 
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Definitions of Terms 


Work: Work on a body by a force is equal to the displacement of the 
body multiplied by the component of the force in the direction of 
the displacement. 

W = F (cos 9) d 


where W = work 


F = force applied 
d = displacement 
and 9@= angle of force to direction of displacement 


Power: Power can be defined as the rate of doing work. 


Power = Work 
Time 


Force x distance 
time 


force x velocity 


1) 


Whether the work is done on the body as climbing stairs or in 
moving an object external to the body such as putting the shot, 
for a short or long duration, the power used to do the work is 
a function of time, distance and force: 


P= F lim d (Kelley, 1971) 
st +» 0 at 


At is reduced to a vanishingly small interval in impulse 
physical actions. The d is reduced to zero in isometric contrac- 
tions and no classical work is performed. Force and its analogues, 
resistance or weight, vary greatly with the particular type of 
activity. A functional definition of power includes the relative 
maximum load that can be moved at a maximum speed for either a 


low, medium or high number of repetitions; that is high power, 
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power and power endurance (Edington and Edgerton, 1976). The 

full spectrum of various possible loads and speeds, including 

those other than maximum, for the full spectrum of durations from 

short impulse, less than one second, to long-term capacity events, 

lasting possibly hours or days, allows discussion of power in terms 

of instantaneous relative intensity and rate of doing work. 
Capacity: The relationship between intensity (power) and capacity of 


energy for work is expressed by the following formula: 


Ceeeale Miludes 


where C is the capacity, ta is the time of start, to is the time 
to exhaustion, dt is the change of time and I is the intensity 
(Ikai, 1974). The concept when applied to man usually applies to 
the increase of cost of work over and above that at rest. 

Energy: A body is said to possess energy if it is capable of doing 
work. 

At a cellular level, power is dete mined by the rate at which 
energy is released from the cells. The energy release processes 
are categorized as anaerobic or aerobic, according to the contri- 
bution of oxygen to the process, The human body transforms the 
chemical energy in foodstuffs, mainly glucose, glycogen and fatty 
acids, into adenosine triphosphate (ATP). This chemical form of 
energy is used in muscle contraction that moves objects, thus 
transforming chemical energy into mechanical energy. Power is the 
rate of physiological energy turnover (Mathews and Fox, 1976). 

The exercising body utilizes the pathways of anaerobic metabolism 


when the work output exceeds that which can be performed by means 
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of oxidative pathways alone. 

Anaerobic capacity consists of the energy that could be 
released without the availability and/or involvement of an 
appropriate amount of oxygen (Knuttgen, 1969). A person's 
anaerobic capacity allows him to perform physical activity while 
holding one's breath to perform a level of activity which demands 
energy in excess of his aerobic aah ike for some minutes, It 
connotes the idea of sustaining activity over a period of time 
at a particular intensity or power level, or the integrated 
capacity over a period of time for a varying intensity function. 
The level of intensity need not be maximal to tax a person's 
capacity. Duration need not be maximal for sense to be made out 
of the capacity function, 

Power x Time = Work = Energy. 
The area under the power-time curve for a non-maximal duration 
would be the work or energy needed for accomplishing the task, 
regardless of intensity (power) or duration involved. 

Anaerobic power has been said to determine the amount of 
work possible in an all-out effort for a period of approximately 
45 seconds through anaerobic release mechanisms (Larson, 1974). 
Anaerobic power for our purposes shall be defined as that contri- 
bution of anaerobic mechanisms to the total power output. Maximal 
anaerobic power is the instantaneous maximal anaerobic release 
contribution to the overall power outout of the individual. 
Anaerobic power has been classified into various types; oxygen 
debt, lactic acid in the blood and mechanical power (Larson, 1974). 


Mechanical power is often hard to evaluate in complicated physical 
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or athletic events. Therefore we can consider gross performance 
measures when mechanical measures are difficult to make. 

Total work capacity and total power are meaningful ideas, 
Total work capacity would be the sum of the capacities for 
aerobic and anaerobic work for a period of time to exhaustion. 
Duration in such events as marathon running and day-long cross- 
country skiing would then be reflected in metabolic capacity. 
Duration in shorter events could comprise of a larger anaerobic 
contribution. Similarly total power and relative anaerobic and 
aerobic contributions has become important in the determination 
of anaerobic threshold, the onset point of metabolic acidosis in 
which accumulating acidic substances or decreasing basic substances 
results in increasing alveolar ventilation (Davis, Vodak, Wilmore 
and Vodak, 1976). At this point aerobic contributions to total 
power are inadequate in supplying the energy required for the 
increased demands of sustained athletic performance. Lactate 
accumulates, respiratory measures change, 

Bicycle ergometer: a stationary bicycle designed to load an exercising 
individual, in order that mechanical power output can be calculated. 
Manipulation of frequency of pedalling (speed in rpm) or frictional 
resistance (force in kp) results in change of power output. 

Power curve: the power to force relationship, approximately hyper- 
bolic in shape graphically. It is specific in force and power 
for each subject. It is determined by applying larger (constant) 
frictional resistance settings on the ergometer for successive 
30 s trials until power outputs decrease; then a homing procedure 


is used to obtain the maximal power output within % or 4 kp. Thus 
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determination of the power curve is iterative rather than random- 
ized. 

Maximal power output (MPO): the highest possible rate of doing mech- 
anical work by an individual subject. Two measures of MPO are 
considered in this thesis, One is the average of 6 x 5 s power 
outputs for a single trial of 30 s duration (MPO30s), referred to 
as anaerobic power because it depends on phosphagen-splitting and 
glycolytis at high intensity. _ The other is the highest power 
output of the 6-5 s values, only rarely not the first in the 30 s 
sequence, is the peak power output (MPO5s) and it mainly reflects 
phosphagen-splitting. When referring to the experimental group of 
this study, MPO refers to the peak power on the individual subject's 
power curve. That is, the actual MPO30s accepted as criterion. 
When applying the prediction equation to approximate resistance 
applied during a single-trial power test, MPO30s is estimated. 

It is a single point on the power curve only, estimated to be 
maximal. The term maximal has referred to the intensity of power 


output at VO.max in many studies in the literature. Similarly, 


2 


submaximal has referred to intensities of exercise below VO,max 
and supramaximal, described above. In this study maximal refers 
to the highest intensity possible for an individual in the time 
span quoted, such as MPO30s. Submaximal refers to values less 
than the highest possible for the equivalent time span. 

Force to elicit MPO (FMPO): the force or resistance setting (kp) on 
the power curve that stimulates MPO30s. (Similar to MPO30s, FMPO 


for the experimental group refers to the actual FMPO that is 


accepted as a criterion.) 
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The Wingate force setting (FWIN): a relative resistance setting (kp) 

according to the formula devised at the Wingate Institute, Israel: 
F = 0,075 kp/kg body weight (Bar-Or, 1977) 

The pretest power values (PO5kp, PO6kp): the power outputs (W) result- 
ing from tests at absolute resistance settings at 5.0 and 6.0 kp, 
administered to all subjects at the start of the multi-trial 
determination of the power curve, 

Absolute measures: the stimulus (for example, force setting for a 
power test) or response (for example, power output on a power 
test) of an individual for a power test with dimensions and units 
common to all subjects, 

Relative measures: the stimulus or response of an individual subject 
in a fitness test with dimensions and units particular to the 
subject. A relative stimulus in a power test could be resistance 
levels set according to a previous performance score such as 
Vo,max (Campbell et al., 1979) or precriterion tests, or according 
to anthropometric measures such as weight (Ayalon et al., 1974). 
An example of a relative response is power output per kg body 
weight (W/kg). 

Oxygen deficit: represents the amount of oxygen at the onset of exer- 
cise less than the steady-state value needed to maintain work. It 
results from a lag in the time of adjustment of oxygen uptake to 
the exercise and contributes to the oxygen debt. 

Oxygen debt: the quantity of oxygen taken up by the lungs during 
recovery from a period of exercise. 

It is the amount above that necessary for an equivalent 


period of rest. It represents anaerobic metabolism and general 
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elevated metabolic adjustments during the exercise. Knuttgen 
(1971) suggested some causes of oxygen debt were gluconeogenesis, 
resynthesis of depleted phosphagens and readjustment of electrol- 
ytic balance, body temperature sympathetic activity and hormonal 
levels. 

Anaerobic threshold: the onset point of metabolic acidosis in a 
subject exercised with progressively increasing intensities of 
work, It is found at intensities found to elicit approximately 
50 to 90% of maximum oxygen uptake. 

Davis, Vodak, Wilmore and Kurtz (1976) examined the physiol- 
ogical indications of anaerobic threshold: disproportionate 
increases of expired minute volumes of air and CO, and of the 


2 


fractional concentrations of oxygen and CO,; increases of blood 


»? 
lactate concentration above the plateau of lactate concentrations 
found at intensities of exercise lower than anaerobic threshold. 
It is labelled by the power output on the bicycle ergometer, 
speed and grade on the treadmill or by the oxygen uptake, what- 
ever the means of testing. 

Anthropometric measures: leg measures were taken on a straight un- 
weighted right leg with the subject in a standing position. 

Leg length (LEGL): the distance (cm) from the greater trochanter of 
the hip to the laterial malleolus of the ankle. 

Leg volume (LEGV): the volume (L) of water at 20°C displaced from a 
volumetric tank by the leg of the subject, immersed up to the 
ischial tuberosity and squared and straightened to the top edge 


of the tank. 


Thigh girth (THIG): the circumference (cm) of the thigh taken at the 
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midpoint between the greater trochanter and the head of the 


\ 
\ 


fibula. 

Calf girth (CAFG): the circumference (cm) of the calf at its largest 
point. 

Thigh skinfold (THISF): the vertical skinfold (mm) taken centrally 
and frontally on the thigh at the same point as THIG. 

Calf skinfold (CAFSF): the vertical skinfold (mm) taken centrally 
and posteriorally on the calf at the same point as CAFG. 

Pondural index (PI): an index of physique (Larson, 1974). 

alee a aiealict dalled leGiadeahial cuveral000 

% fat: the body composition of the subject as determined by densi- 
tometry or skinfold techniques (Larson, 1974). 

Lean body mass (LBM): lean body mass, a subject's total body mass 
minus mass of fat (Larson, 1974). 

FT fibre: fast twitch muscle fibre (synonyms - phasic, pale, fast 
glycolytic, type II fibre). They can be of glycolytic nature, 
Libj;eor oxidative, Ila, 

ST fibre: slow twitch muscle fibre (synonyms - tonic, dark, slow, 
oxidative type I fibre). 

Delta efficiency: the instantaneous rather than overall efficiency 
of performing work - the caloric equivalent of increment of work 
performed above previous work rate divided by the increment in 
caloric output above that at the previous work rate, expressed 


as a percentage (Gaesser and Brooks, 1975). 
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REVIEW OF LITERATURE 


When an animal performs a muscular action, it performs work which 
when experienced per unit time, is its power output. Its expression 
and measurement are modified and limited by a myriad of influential 
factors. The factors are surveyed in the following review for human 
beings with an emphasis on anaerobic power in all-out, short-duration 
tests on the bicycle ergometer. The myriad includes the subject's 
general disposition towards exercise, the subject's particular body 
structure, the action or function required, the means of measurement, 
the physiology and energetics of the action, the time course of the 
action, the environment in which the action is performed and other less 


evident factors. 


General Subject Disposition 


a) Heredity: Variability in the potential an individual person has to 
develop muscular power is probably genetically determined to a 
large extent. Komi and Karlsson (1979) have studied comprehensive 
tests of anthropometry, power (Margaria et al., 1966), maximum 
isometric leg force, EMG, aerobic power, peak lactate, muscle fibre 
composition and enzymes of monozygous and dizygous twins. They 
found a relationship between muscular power and fibre type distri- 
bution, which itself is mostly accounted for by the heredity 
variance. The genetic component of impulse power tested explained 
a large portion of the variance in males. 


b) Age: Anaerobic power seems to increase with age to reach a 
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maximum of 1.5-1.6 kgm/kg.sec at 20-30 years after which it 
decreases progressively to less than half of the maximum at approx- 
imately 70 years (Margaria et al., 1966). 

Sex: Age and sex are factors in development of power on a 30 gs 
bicycle test. Cumming (1973) tested 10 boys and 10 girls, aged 

15 years and found the mean work rate for boys to be 443.2 + 53.0 
W and 298.4 + 55.4 W for girls. Corresponding serum lactate levels 
were 11,8 + 0.8 mM/L and 11.8 + 2.1 mM/L. Similar differences 
occur at other ages. Structurally, elite male and female track 

and field athletes have similar muscle fibre composition and 

enzyme activities but males tend to have larger fibre areas than 
females (Costill, Daniels, Evans, Fink, Krahenbuhl and Saltin, 
1976). Devries (1974) compared world athletic records of 1963 of 
men and women and found greatest differences in explosive power 
events between the sexes. Generally, women suffered by in the 
greatest injuries in explosive efforts compared to other activities. 
Supposedly, this was due to the female musculoskeletal system being 
unsuited to such activities. 

Psychology of Performance: Probably the least studied area of 
power is the psychological one. Motivation, incentive, pain 
tolerance, awareness, and concentration play an undetermined role 
in the manifestation of power. Little research has been done on 
perception of exertion in the 30-100% range of maximal voluntary 
contraction (Knuttgen, 1975), that of many brief power tests. 

Diet and Ergogenic Aids: An insufficient diet or the use of 
anabolic steroids can lower work capacity. Induced blood alkalosis 


has little effect on maximum performance time, total lactic acid 
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found or lactic acid appearance rate in the blood in a supra- 
maximal exercise lasting 27 to 153 s (Margaria, Aghemo and Sassi, 
D971): 

Training: The worth of power and general fitness development 
programs is well documented. Training with 220 yd interval 
spring runs over 6 weeks has led to increases in maximal anaer- 
obic run times on the treadmill by 23% (36 to 66 s), increases in 
blood lactate concentration of 17% and 9% increase of 0, debt 
(Cunningham and Faulkner, 1969), 

Men aged 34-37 years have adapted to 6 weeks intense anaer- 
obic hill running. Houston and Thomson (1977) showed a 16.7% 
increase in anaerobic capacity on the treadmill test (Cunningham 
and Faulkner, 1969) was accompanied by a 14% increase in the 
terminal blood lactate level. Muscle ATP increased while LDH 
activities, CP level, fibre types, and anaerobic power or the 
stair run (Margaria et al., 1966) did not change, 

Training at low anaerobic power output may elicit similar 
aerobic and anaerobic physiological changes as with high power 
output. Fox, Bartels, Klinzing and Ragg (1977) studied the effects 
of a high power training stimulus, 19 repetitions of 30 s runs 
and lower power, 7 repetitions of 120 s runs for 3 days per week 
for 8 weeks. Net lactate significantly decreased in both groups, 
the greater decrease occurring in the low power group. They 
suggested that increases in muscle mitochondria resulted in greater 
decreases in lactate at a given work rate. Chronic anaerobic 
training changes did not necessitate a short high power stimulus. 


Intensity may be a major factor in power training for specific 
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subjects groups or tasks. Weltman, Moffatt and Stamford (1978) 
trained 19 college women, 3 times per week for 6 weeks using a high 
power test protocol on the bicycle ergometer, The protocol included 
all-out (fast as possible) pedalling at a load of 4.0 kg and was 
done twice per day. Significant improvements were found in 

aerobic power, 10.5%, 4 s peak anaerobic power, 13%, and 40 s 
anaerobic capacity, 12%. Intensity, seemingly more than duration 
or frequency of training sessions, elicited the change. 

Thomson and Garvie (1979) showed that sprinters expend more 
anaerobic energy in a one minute exhausting spring than marathoners 
or control subjects. The athletic groups had a higher alactacid 
contribution that lasted longer into the one minute spring period. 
However, the findings of Hagberg, Nagle and Carlson (1978) indicated 
that trained individuals seem to increase their aerobic energy 
contribution more rapidly at the onset of exercise; they have 
slower phosphagen and glycolytic depletion following short term 


work at equal, absolute loads to the untrained performers. 


Specific Body Structure 


a) 


Gross Body Dimensions: According to Astrand (1970), maximum power 
is proportional to the square of body height approximately. 
However jumping height, a measure of power in the vertical jump, 
is independent of the size of the jumper because of the cancelling 
effect of the body height and body mass. A jump over a bar would 
be more easily performed by a tall person whose centre of gravity 


initially lies higher than a short person, 
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The relationship of potential power output to leg muscle and 
overall body size has been established. Davies (1971), eee 
maximal power outputs of adults on jumping, stair running and 
maximal aerobic exercise on the bicycle ergometer, found signifi- 
cant correlations between power on stair climbing and vertical 
jump with weight and thigh muscle: stairpower with weight, 
r= 0.79; vertical jump with weight, r = 0.58; stairpower with 
thigh muscle, r = 0.74 (0.30 with weight and height factored out); 
vertical jump with thigh muscle, r = 0.62 (0.31 with weight and 
height factored out); stairpower with total muscle, r = 0.72; and 
vertical jump with total muscle, r = 0.55. The contribution of 


working muscle mass and overall body size was evident. Davies 


concluded that muscle mass for a given body size remained unchanged 


with age but muscular energy stores and utilization declined. 

Davies, Barnes and Godfrey (1972) indicated that, in children 
6-16 years of age, leg volume was related to explained sex and age 
differences in VO,max and statistically accounted for over 80% of 
the total variance of power output for the group. The correlation 
of power on the Margaria stair run with weight and leg volume was 
0.89 and 0.91 for girls and 0.85 and 0.81 for boys respectively. 
Functional capacities of children are closely matched to leg and 
total body dimensions. In contrast, subjects older than 35 years 
showed a complete lack of association between indices of body 
composition and maximal aerobic power. 

Tests of intermediate duration also show structure and 


function associations. Katch (1974) studied male college students 


performing heavy intensity work for 2 minutes on a bicycle 
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ergometer. Body weight, leg volume and leg weight accounted for 
41, 36 and 26% of the common variance in total work output and 
collectively 46%. When work became more intense, either with 
increasing time or load, factors such as weight determined more of 
the individual differences in work output than in short light 
exercise. Katch and Weltman (1979) found body weight associated 
with 6 s peak power output, r = 0.40, and 2 minute anaerobic 
capacity, r= 0.71. Leg volume association was less, r = 0.29 
and r = 0.01 respectively. The intercorrelation of body weight 
and leg volume was r = -0.46, 

Fibre Types: Body structure from a histochemical approach also 
adds information about gross body structure and athletic function- 
ing. The categorization of muscle into fibre types according to 
contractile and metabolic characteristics allows cellular ration- 
alization of some of the variance in anaerobic power output among 
athletes. As Saltin (1973) concluded, fast twitch fibre types 
usually have a larger diameter than ST fibres and thus occupy a 
larger portion of the muscle than indicated by percentage, The 
area occupied by one fibre type can be altered by training. Size 
of muscle fibre varies with sex and activity. Gregor, Edgerton, 
Perrine, Campion and Debus (1979) indicated females have larger 
ST fibres relative to FT than males. FT fibres in individuals 
involved in high power, low endurance were of a greater relative 
size than high endurance competitors. ST size was similar for 
both types of effort. When force was divided by body weight, 
greater force capacity was associated with FT fibres. 


Higher fatiguability of human skeletal muscle occurs in 
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repeated fast, maximum, dynamic contractions than otherwise. 
Thorstennson and Karlsson (1976) showed a high degree of association 
between leg fatiguability on 50 contractions on an isokinetic 
apparatus (Cybex Corp.) and % FT fibres in the quadriceps muscle 
(r = 0.86). Muscles rich in FT fibres showed higher maximal contrac- 
tion velocities and higher force outputs during maximal udluntany 
isokinetic contractions at high speed than ST (Thorstennson, Grimby 
and Karlsson, 1976). FT fibres exhibit a high potential for fast 
turnover of atk and ATP for muscle contraction and high ATP pro- 
duction via anaerobic processes. They suggested failure in this 
as well as in excitation-contraction coupling at the neuromuscular 
junction lead to greater fatigue in FT fibres. Tesch, Sjodin, 
Thorstennson and Karlsson (1978) further elucidated that in 30 s 
of isokinetic exercise, a lactate concentration gradient existed 
between FT and ST that disappeared after 60 s. High glycolytic 
enzyme activity of LDH and M-LDH enhanced the rapid formation of 
the gradient. 

The possibility of changing fibre types is unclear currently. 
Komi and Karppi (1975) stated performance capacity was influenced 
strongly by fibre composition which in itself was almost solely 
determined by the genetic factor. However, Jansson, Sjodin and 
Tesch (1978) suggested that specific anaerobic training or 
immobilization could lead to radical shifts of % FT fibres to ST 
and conversely aerobic could drastically increase % ST. 

Selective recruitment of muscle fibres occurs according to 
exercise intensity. Anderson and Sjggaard (1976) have shown the 


order of recruitment of fibres, with differing activation thresholds 
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according to increasing exercise intensity, to proceed from type I 
to IIA to IIB. Also differential glycogen depletion of fibres 
occurred according to intensity. Similarly Thomson, Green and 
Houston (1979) showed that repeated 1 minute bouts of supramaximal 
exercise resulted in a greater decline in PAS straining in the 
FTIb fibres with little loss of glycogen from ST fibres, compared to 


submaximal prolonged work. Submaximal exercise (60% vO max) 


Z 
resulted in a 77% decline of muscle glycogen while 10 supramaximal 
bouts resulted in a 52% decline. 

The application of knowledge of muscle composition to field 
athletic applications is possible but not straightforward. Komi, 
Rusko, Vos and Vihko (1977) investigated 89 elite athletes in 
various sports. They indicated that anaerobic capacity of the 
whole body as tested by the Margaria stair run, maximal leg force 
and blood lactate was related to % FT fibres. Inbar, Kaiser, Dotan, 
Bar- Or, Schéle and Karlsson (1979) tested fibre types, 30 s all-out 
power on the Wingate protocol (with peak power) and runs of various 
distances on male adults. Prediction of running performance by 
multiple regression analysis for 40 m was best using the factors of 
peak power and % FT (R = 0.79), for 300 m, total 30 s power and 
peak power (R = 0.72) and for 2000 m the 30 s fatigue index from 
the Wingate test, total power and % ST (R= 0.71). Campbell, 

Bonen, Kirby and Belcastro (1979) maintain muscle fibre composition 
is usually not correlated with objective measures of performance. 
Exceptions were possible subject to type I errors. 

Muscle Arrangement: Muscle arrangement in antagonistic pairs 


reduces the theoretical limit of all single loaded muscles of the 
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body, all contracting simultaneously, from approximately 8000 W to 
4000 W, as suggested by Wilke (1960). Shephard (1972) maintained 
that power is more important than speed of movement in the hip and 
shoulder girdle where the muscle arrangement is pennate and the 
individual fibres are inserted angularly to the main tendon; where 
fibres are arranged longitudinally (fusiform), power is subordinate 
to speed. 

Josephson (1975) summarized the importance of muscle arrangement 
and size on the force-velocity relationship within muscle itself, 
Other factors being equal, the maximum force produced by a muscle 
should be proportional to its cross-sectional area and hence, the 
number of parallel myofilaments as in pennate muscle arrangements; 
forces in parallel are additive. Similarly, maximum shortening 
velocity should be proportional to its length. Longer muscles have 
more contractile elements in series; the velocities in series are 
additive. Thus maximum work, the product of force and distance, or 
power, the product of force and velocity for a set of contractile 
elements is the same whether the elements are in series or parallel. 
Emphasis might be placed on any of the force, velocity or distance 
vectors for specific tasks or individual subjects, 

Lever Systems: The longer the limb, the smaller the fraction of 
maximum force or weight that can be used to produce the greatest 
power output. A short lever arm such as in the olecranon-triceps 
lever provides more speed than power for throwing, whereas the 

calcaneum-gastrocnemius system lends more power (Shephard, 1972). 
Neural Contributions and Coordination: Knuttgen (1975) suggested 


the limits to endurance in repeated movements were within the 
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central nervous system, at the myoneural junction or in the 
inability of the muscle cell sarcolemma to propagate a second wave 
of excitation. Thorstensson and Karlsson (1976) tested the 
fatiguability of the quadriceps muscles to fast repeated isokinetic 
knee extensions, They suggested that failure of the excitation- 
contraction coupling as well as in the ATP supplying mechanisms 
may account for the greater susceptibility to fatigue in FT muscle 
fibres than in ST. Hence, a site of fatigue could be the motor 
neuron, 

Coordination and timing during cycling can be limitations to 
performance. For example, Harrison (1963) studied the variation 
of muscle speed during various motion patterns, Holding the input 
velocity constant and optimizing the advance time to the pedals, 
in order to force exercise, increased the power output over that 
possible in simple harmonic motion of the pedals, 

f) Series Elastic Elements: Harrison (1963) also maintained that if 
the series elastic component was absent in pedalling, a calculated 
increase in power of 18% was possible. The stiffness of the series 
elastic component increases with increasing load and varies between 
individuals, Thus subject differences, coordination and muscle 


compliance affect power output in bicycle ergometry, 


Specific Body Function 


a) The Force-Velocity Relationship: Light loads can be moved more 
quickly than heavy loads, Maximal force is developed during an 


isometric contraction when the velocity is zero. Hill (1922) 
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showed in isolated muscle preparations that stimulation evoked 
development of maximal force but that viscous resistance of the 
muscle substance used up some of the force during the shortening 
of the muscle. Fenn and Marsh (1935) investigated isotonic 
contractions in isolated muscle preparations and showed the expo- 
nential relationship of force and velocity. The curve was concave 
towards the origin. Hill (1938) showed the shape of the force- 
velocity curve was determined by the way energy was released 
during shortening. He related force and velocity as a hyperbola: 
(P + a)(V + b) = constant = (P, + a)b 


force of contraction 


where P 
V = velocity of shortening 
a, b are constants 
P. = force possible in an isometric contraction 
at zero speed 
Thermal as well as mechanical properties were related to one expres- 
sion. 

Wilke (1950) has demonstrated the hyperbolic force-velocity 
relationship shown previously on frog muscle in vitro applies in 
human muscle movements in vivo. He studied isometric and isotonic 
elbow flexions and found experimental results did not fit the 
characteristic Hill equation except at tensions greater than 0.3 
Po He then corrected for inertia of the forearm and apparatus 
and found agreement. 

Wilke (1960) evaluated maximum pedalling speeds. Maximum 


pedalling rate under no-load conditions, was about 180 rpm, the 


optimum for greatest steady-state pedalling being about 60 rpm; 
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the speed used in cycling competitions ranged from 60 to 120 rpm 
where efficiency is compromised for maximum performance. 

Speed may not have a close association with impulse power. 
Gray, Start and Walsh (1962) investigated the association of leg 
power as measured by the vertical jump and leg speed as measured 
on a 10 s ride on a bicycle ergometer at a resistance setting of 
2.5 kg. The low correlation of 0.47 between speed and power so- 
defined, indicated high specificity in the two fitness components. 
The force setting was fixed and the force-velocity relationship in 
determining speed was not accounted for, Start, Gray, Glencross 
and Walsh (1966) further investigated 19 measures of the lower 
limbs: seven of isometric strength, four of power (various jump 
tests), seven anthropometric measures and the bicycle speed test 
Gray et al., 1962). Power was linked with speed more than strength. 
They postulated that strength is an estimate of maximum energy 
available at one instant and is independent of time. Speed would 
be independent of mass but only approximated in measurement due to 
an ever present but minimal limb mass. 

The intercepts of the hyperbolic force-velocity curve may 
represent on the one axis the maximal velocity of muscle shorten- 
ing, Vmax, and maximal isometric tension developed, Po Katz (1972) 
interpreted the biochemical significance of Vmax as the maximal 
rate of ATP energy turnover per unit length of muscle as influenced 
by myosin ATPase. Py represented the number of force generating 
sites per unit cross-section, influenced by the amount of cat 
available to the contractile proteins. The shape of the curve 


reflected the rate of activation of force generating sites per unit 
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of muscle cross-section. The derivative dP/dt reflected an altera- 
tion in the rate of delivery of ghcas to the contractile proteins. 
He described the model of force-velocity relationships as an 
empirical index rather than a direct determination of a specific 
property of contraction. 

Whitt and Wilson (1974) indicated that high pedalling speeds 
are possible for competitive cyclists in brief events. R. Temple 
pedalled at an estimated power output of 1007 W and a crankspeed of 
190 rpm in a 30 s & mile event. 

A "most efficient" pedalling rate has been suggested for each 
power output. Seabury, Adams and Ramey (1977) suggested a balance 
between two forces: the reduction of load on each fibre per con- 
traction and a reduction of the total number of contracting fibres. 
The "most efficient" pedalling rate increased with power output from 
42 rpm at 40.8 W to 62 rpm at 362.8 W. In effective recruitment of 
fibres or increased effect of internal viscous friction in muscle 
tissue were reasons suggested for decreased efficiency at speeds 
higher and lower than "most efficient". 

Sjggaard (1970) obtained hyperbolic force-velocity curves for 
subjects pedalling at frequencies from 40 to 160 rpm. Speed and 
force were determined on four to five revolution outputs as well as 
at 70% and 100% of VO, max. The curves had the same slope and shape 
as the Hill curve but not the same fit. He suggested that in bicycle 
exercise "negative work is done at each step before the positive 
work'' and with work stored as elastic energy and released in the 
positive phase of cycling. Gravity factors and multiple joint 


action were also possible contributors, He demonstrated that peak 
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c) 


d) 


force per pedal thrust (and as a % MVC) decreased with increasingly 
pedal frequency. He demonstrated that FT fibres were recruited for 
short heavy efforts with their shorter contraction times. Ratings 
of perceived exertion were minimal at approximately 80 rpm for a 
constant power output despite the fact that VO, heart rate and 
ventilation are low at 40-60 rpm. He reasoned a reduced strain on 
the mechanoreceptors as the reason for preferring high pedal fre- 
quencies. Gregor, Edgerton, Perrine, Campion and Debus (1979) main- 
tained that low isokinetic speeds of knee extension showed more 
influence of fibre type than fast or zero speed conditions. Optimal 
speed and torque are likely. 

Type of Contraction: Knuttgen (1976) related the relationship of 
maximal force of human elbow flexor muscles to elbow position for 
three types of contraction. Eccentric or "forced" contraction 

gave the greatest force, isometric the intermediate force and 
concentric the least. All contractions were one repetition of 
maximum voluntary force. 

Position or Angle: Knuttgen found the above relationships of the 
three types of contractions to be somewhat hyperbolic with each 
having a characteristic maximum force point at a particular joint 
angle between 90 and 120 degrees, Thorstennson, Grimby and 
Karlsson (1976) studied dynamic torque in isokinetic knee exten- 
sions throughout 90° of motion. Peak torque was reached at knee 
angles in the range of 55 to 60 degrees, with a displacement 

toward smaller knee angles at higher angular velocities. 
Length-Position of Muscle: A.V. Hill (1938) described the velocity 


of a muscle as being proportional to the force acting, P and the 
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e) 


f) 


isometric force that the muscle can develop at its optimal length, 
Po. The hyberbolic relationship was valid only for the length, 
Lo, at which Po was optimal; however it can be modified for dif- 
ferent muscle lengths. At a cellular level, the maximum tension 
developed between a thick filament in a muscle and its surrounding 
thin filaments should be proportional to the number of potentially 
active cross-bridges hence to the amount of filament overlap as 
exemplified in the tension-length curve (Josephson, 1975). 

Mode of Movement: Wilke (1960) found that simultaneous hand 
cranking and cycling yielded approximately 50% more power than 
cycling alone, but could only be done for a short duration, 
Harrison (1970) compared various combinations of rowing and 
bicycle ergometry for exercise durations from 6 s to 5 min. 

Forced rowing movement with feet moving and seat fixed allowed 
maximum power production: 1492 W for 6 s; 746 W for 1 min and 

560 W for 2 min. He suggested that the mode of working should 
allow use of as large a muscle mass as possible; that the motion 
should be forced to minimize kinetic energy losses, and that the 
motion should minimize inertial effects. 

Davies (1972) investigated a range of ages of adults for 
maximal power in different tests, He found standing jump power 
outputs four times larger than those on a Margaria stair run and 
fifteen times larger than the power output at maximum aerobic work 
on a bicycle ergometer, Maximum power output was independent of age, 
sex, size, stature and to a lesser extent, body composition in 
his study. 


Warm-up for Exercise: Watt and Hodgson (1975) cited increased 
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core and muscle temperature, respiratory and circulatory adjust- 
ment, joint mobility and avoidance of ischaemic changes in myo- 


cardium as factors enhanced by warm-up. They measured vO during 


2 
and after 1 minute runs to exhaustion on the treadmill and found 
vO, during the run preceded by warm-up 7.6% greater than without 
warm-up. Oxygen debt was not however correspondingly lower. 
Bar-Or (1977) suggested a 10 min intermittent warm-up (30 s 
exercise, 30 s rest) with mean heart rate reaching 160 bpm in 
children and 150 bpm in young adults. An all-out trial of 5-10 s 
allowed familiarization. Inbar and Bar-Or (1975) found that 

7 to 9 year old boys benefited from warm-up before a 30 s supra- 
maximal trial on a bicycle ergometer, Total revolutions, total 
power output and peak HR were higher following intermittent 


resting and running at 60% vO max for 15 min preceding the 


2 
criterion test. 

Recovery from Exercise: Because lactate buildup in muscle has 

been postulated to be a limiting factor for physical performance 

of short duration (Wenger and Reed, 1976), its time course after 
exercise indicates when subsequent efforts can be performed 

without decrement. Sahlin, Harris, Nylind and Hultman (1976) 
investigated lactate, pyruvate and pH levels in blood and muscle 
during recovery from exhaustive exercise. The half-time of blood 
lactate decrease was 9.5 min. The ratios lactate/pyruvate and 
NADH/NAD were increased after exercise and had not returned to 
basal value after 20 min, although they were substantially restored; 
muscle pH had returned to basal level. 


Physical exercise resulted in a marked decrease in muscle 
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phosphocreatine (PC) but not much in ATP. The decrease in PC was 
correlated with an increase in muscle lactate concentration, The 
restoration of PC, like pH, after dynamic exercise took approxi- 
mately 20 min with a half-time of 170 s for the slow component. 
The fast component kinetics (half-time of 22 s) resembled the 

25 s fast component of oxygen debt (Harris, Edwards, Hultman, 
Nordesjo, Nylind and Sahlin, 1976). Similarly, the total adenine 
nucleotide content of muscle (TAN = ATP + ADP + AMP) was restored 
to basal level after maximal dynamic exercise within 30 min 
(Sahlin, Palmskog and Hultman, 1978). 

Weltman, Stamford, Moffatt and Katch (1977) found on succes- 
sive supramaximal tests on the bicycle ergometer than the rate of 
normalization of lactate levels in recovery was enhanced by 20 
minutes recovery duration (as opposed to 10 min) and an active 
mode over a passive mode. Oxygen inhalation did not enhance 
recovery. They suggested an optimal intensity for recovery exer- 
cise as just below anaerobic threshold, Factors other than 
lactate removal were critical for subsequent efforts because 
blood lactate levels after 20 min of recovery were not highly 
correlated with subsequent work (r = -0.19). 

Lactate removal from the blood seems to depend on the meta- 
bolically active muscle mass. McGrail, Bonen and Belcastro (1978) 
found association between VO, and lactate removal rates of various 
active and passive recoveries (utilizing arms and legs for active 
recovery). 

Stamford, Moffatt, Weltman, Maldonado and Curtis (1978) sub- 


sequently studied lactate disappearance in 24 min recovery periods 
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after supramaximal 1 min cycling. They suggested low intensity 


recovery exercise at approximately 30-45% VO, max (~50 W) compared 


fa 
to rest or higher intensity exercise would keep lactates low and 


enhance muscular and splanchnic removal rates. 


Measurement and Expression 


a) Expression: Anaerobic power has been discussed above in 
terms of supramaximal efforts of durations so short that aerobic 
involvement is highly limited and in terms of sustained aerobic 
work where additional intensity and duration of effort is attained 
by anaerobic mechanisms. Indicators of anaerobic power and 
capacity for the latter type of effort include rate of formation 
and total accumulation of lactic acid in blood and muscle 
(Agnevik, Karlsson, Diamant and Saltin, 1969), acid-base equili- 
brium of the blood (Sherrer, 1969), maximum oxygen debt (Margaria 
Edwards and Dill, 1933), excess CO, (Volkov, Shirkovets and 
Borkevich, 1975) phosphoralase and PFK activities, pH, ATP-CP 
glucose, glucose-6-phosphate, and glycogen changes (Gollnick and 
Hermansen, 1973). 

Apart from physiochemical methods, performance-oriented or 
mechanical tests have been used to measure anaerobic work, power and 
duration of effort. The vertical jump has been used although it may 
not be distinctly a measure of human power. Adamson and Whitney 
(1971) argued that the vertical jump is an impulse action, the 
product of force and time, equal to momentum (mass x velocity) 


imparted to an object. Power production was completed before 
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substantial dissipation of force. Instantaneous actions have been 
more often classified as impulse rather than power, However, Davies 
and Rennie (1968) reported mean peak power outputs of 3894 W 

(52 W/kg) in vertical jumps on a force platform exemplifying 
impulse power, 

The power test most used, apart from the vertical jump, has 
been the Margaria stair run. Such a test also involves lifting the 
centre of gravity of the body in.a series of bursts of power, It 
also involves successive limb movements. The test time is approxi- 
mately 0.40-0.50 s. Average power output is 15.9 W/kg for young 
fit subjects decreasing to 7.9 W/kg at 70 years. A value of 27.8 
W/kg was reported for an Olympic sprinter (Margaria, Aghemo and 
Rovelli, 1966). DiPrampero, Limas and Sussi (1970) reported compar- 
able values on athletes at the 1968 Mexican Olympic Games. The 
higher power per kg body weight found in athletes compared to the 
normal population seemed mainly due to their lower body fat levels. 
Anaerobic power was not affected by altitude or racial differences, 

Costill, Miller, Myers, Kehoe and Hoffman (1968) investigated 
the relationships among various impulse power tests along with some 
anthropometric measures in the 76 male football players. Margaria's 
stair test correlated with squat life (r = 0.751). Weight correlated 
r = 0.783 and 0,848 with squat lift and the Margaria test respec- 
tively. Other impulse tests and body parameters showed significant 
but mediocre correlations, Body weight appeared to account for the 
relationship between squat lift and anaerobic power, 


A variety of anaerobic test protocols for the treadmill have 
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been used, Cunningham and Faulkner (1969) used a short exhaustive 
at 11-13 km/h on a 20% grade with run times varying from 36 to 66 s. 
A six week training program of interval sprints and distance runs 
resulted in a 23% increase in running, 9% increase in oxygen debt 
and 17% increase in blood lactate concentration, the three factors 
used as indicators. Watt and Hodgson (1975) employed a 12.8 km/h 
run at 10 to 20% grade which produced exhaustion in subjects in 

60 s. vo, during the run was higher with warm-up than without 


2 


gross or net values, were not greater. Cerretelli, Ambrosoli and 


although recovery VO, and total Vo, (run + recovery), expressed in 


Fumagalli (1975) employed a 20-30 s exhausting run at 18 km/h and 
grade from 10 to 15%, set to develop power at 2,5 times the power 
at VO,max. They found higher lactate levels (by 16.9%) during 3 
min at VO,max immediately following the short run than in 3 min of 
rest, thus they suggested anaerobic recovery with partial phosphagen 
resynthesis at the expense of anaerobic glycolysis. Roberts and 
Morton (1978) utilized 25-40 s exhausting runs at 14.5-16.1 km/h, 
20% grade to demonstrate high reproducibility of alactic oxygen 
debt. They suggested that the inability of the subjects to 
adequately reproduce such an effort was the major factor preventing 
reliable measurement of oxygen debt. Trials two days apart had 
mean power outputs of 650.4 W and 589.6 W and respective durations 
of 32.518 @nd 29.4 s; 

Bicycle Ergometer Tests and Loading: The bicycle ergometer also 
has been used as a test mode for anaerobic power. A survey of 

such tests is given in Table I with the resistance and cadence 


settings characterizing the force-velocity relationship of each 
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particular test, duration of test and resulting power outputs. 
Most tests had fixed resistance settings that are the same for 
all subjects or are relative to body weight, as an anthropometric 
parameter, or to VO,max, as a physiological function of the indi- 
vidual subject. Cadences are maximal all-out or fixed submaximal 
cadences. Durations range for peak 4 s values to 120 s total 
time, indicative of the anaerobic time course for maximal exer- 
cise. 
The resistance setting used by investigators at the Wingate 
Institute is based on the subject's body weight. Using the 
30 s time frame proposed by Cumming (1973), they investigated 
power to force curves of five untrained young adult males (19-21 
years, mean weight 71.93 kg) and concluded that a relative setting 
of 40 g/kg elicited maximal power output (Ayalon, Inbar and 
Bar-Or, 1974). Thus one trial with a resistance setting relative 
to weight approximated the maximal power output from an individual 
subject's power to force curve, Inbar and Bar-Or (1975) used a 
setting of 35 g/kg (mean value = 0.95 kp) on 7 to 9 year old 
boys to demonstrate the effects of warm-up before the 30 s test. 
Katch, Weltman and Traeger (1976) studied the effects of 
two different cycling cadences on work output of short (120 s) 
duration. The frictional setting was constant at 34.0 kp/rev 
(+ 5.6 kp). The paced-ride cadence started at 9.7 rev/6 s cor- 
responding to 539 W and 80-90% of the all-out cadence, More rev- 
olutions and greater work output was found under the all-out 
condition for 0-30 s and 0-60 s but more work was accomplished 


under the paced condition from 30 s to 60 s. AI1l other possible 
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time intervals from 0 to 120 s for the 2 cadence conditions were 
not significantly different from each other, (The authors used 

a 6s time increment for measurements.) The all-out cadence was 
required for maximal power on a 30 s or 60 s test. Katch, 
Weltman, Martin and Gray (1977) investigated optimal test charac- 
teristics for anaerobic power. They stated a test duration of 
approximately 40 s at a resistance of 5.0 to 6,0 kp with an all- 
out cadence was necessary for maximal power, At a constant load 
of 5.5 kp, cadences of 60, 80, 100 and all-out rank-ordered them- 
selves up to 24-30 s as to work achieved. The 40 s time frame 
was chosen because the aerobic contribution to work is appreciable 
after that point and the total cumulative work up to 40 s corre- 
lated highly (r = 0.95) with total cumulative work of 120 s 
duration, Correlations of body weight and leg dimensions with 
total cumulative work indicated a moderate but definite associa- 
tion of high work output with high body weight, legs and total 
body muscle, 

Heyters and Poortmans (1977) also evaluated a bicycle 
ergometer test of anaerobic power. The supramaximal test intensity 
was 433 W and the cadence 126 rpm. Duration of effort was the 
index of capacity and was 51.3 + 11.2 s for the 28 twenty-one 
year old physical education students. The correlation (p< .05) 
of the test with the 400 m run was r = 0.397 and with peak lactate 
concentration r = 0,63 to 0.78. 

A short test was developed by Pirnay and Criellard (1970). 
Their 32 physical education students pedalled all-out at force 


settings between 4,0 and 7.2 kg at their maximum power, They 
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attained maximum in 2 to 3 s and maintained it for about 4 s. 
The cadence was 130-150 rpm. The power to force relationship 
and cadences shown on successive trials by all subjects demon- 
strated that the optimal intermediate force and cadence, rather than 
maximal or minimal, enabled maximal power output for each subject. 
Performance ranged from 576 to 859 W (710.1 + 58.4 W) in absolute 
values and 7.9 to 12.4 W/kg (10.1 + 1.2 W/kg) on a relative basis. 
Two sprinters performed at 1018 W, 14.2 W/kg and 1059 W, 16.0 W/kg. 
The coefficient of variation ranged from 1.6 to 3.4% with a mean 
value of 2.84 for retest performances, ~ 

Katch and Weltman (1979) employed a 120 s all-out cycling 
protocol, Anaerobic power was designated the peak power during 
a 6s interval usually the first 6 s interval in 120 s, Anaerobic 
capacity was the total work output during 120 s. They suggested 
the power score was indicative of phosphagen splitting and the 
capacity score indicative of glycolytic production of ATP. 
Moderate correlations of their power scores with weight (r = 0.40) 
compared to those of the Margaria test (r> 0.90) suggested to 
them that their power index was indicative of the ATP-CP system 
and not very dependant on weight. 
Reliability: The test-retest reproducibility of anaerobic power 
tests is high, as exemplified in Table I. 
Validity: The 30 s power test may be limiting in predicting 
performance well for adolescents, Cumming (1973) found the test 
proved to be a significant predictor for the 100 yard run in boys 
(xr = 0.55) and for the 440 and 880 yard runs for girls (r = 0.41 


and r = 0.43 respectively). It was inadequately to highly 
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correlated with performance in Margaria's stair run. Age and mat- 
uration may confound prediction of athletic performance in children. 
Bar-Or, Dotan and Inbar (1977) validated the 30 s bicycle test 


for anaerobic capacity. Its correlation with 300 m run time was 


K 
HI 


-0.85, with maximal oxygen debt r = 0.86 and with 25 m swim time 


a 
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0.87 to 0.90. Inbar, Kaiser, Dotan, Bar-Or, Schéle and Karlsson 
(1979) used the 30 s anaerobic bicycle ergometer test and fibre type 
distribution to predict performance in 40 m, 300 m and 2000 m runs. 
Peak power (PP) and % fibre type were predictors for 40 m (R = 0.89), 
PP and total 30 s power (TP) for 300 m (R= .92) and fatigue index 
over 30 s (F), TP and % ST fibres for 2000 m (R= 0.71) for 29 


middle and long distance runners, PE students and sedentary men. 


Physiology and Energetics 


a) Phosphagens: Previous to 1930, the Hill-Meyerhof Theory outlined 
the formation of lactic acid from glycogen as the fundamental 
reaction of muscular contraction. However, the immediate source of 
energy for muscle shortening has been recognized for some time as 
ATP and CP, The confirmation of the relationship of ATP and CP has 
been only recently established in man. Hultman, Bergstrom, McLennan 
and Anderson (1967) measured phosphagen levels on human subjects 
exercising on a bicycle ergometer and established the role of 
phosphagens as the immediate energy source for contraction. ATP is 
not stored in muscle, its concentration being 5 to 7 mM, it would 
be depleted in less than one second during contraction unless it was 


resynthesized at a rate equal to utilization (Newsholme, 1978). Even 
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after complete exhaustion, the concentration of ATP is 60-70% of 
that in the resting cell though CP can be nearly fully depleted 
(Gollnick and Hermansen, 1973). CP is three times as plentiful as 
ATP and is in series with ATP in providing the energy currency ATP 
from phosphate pools (Margaria, 1976). 

Glycolysis: Glycolysis results in the production of energy, lactate 
and other acid products associated with fatigue. As Margaria, 
Cerretelli, DiPrampero, Massari and Torrelli (1963) indicated, the 
rate of increase of lactic acid is linearly related to the intensity 
of supramaximal exercise. Karlsson and Saltin (1970) also indicated 
increasing intensity of work stimulates glycolytic activity. 
Noradrenaline level in blood has been found to be related to 
relative workload and this may be responsible for activation of 


phosphorylase enzyme during muscle contraction. PFK was inactivated 


by high ATP concentrations and stimulated by an anaerobic cellular 
state. Saltin and Karlsson (1971) found that at an intensity of 
150% VO,max, the utilization rate of glycogen can be 10 mM glucose 
units x gout wet muscle x ai any At very heavy loads, more than 

a tenth of the muscles normal glycogen store was used per minute 
but depletion was not as great as in longer bouts at moderate 
intensities. They concluded accumulation of anaerobic metabolites 
may have been a more limiting factor at intensities of exercise 
exceeding 90% VOpmax but glycogen depletion seemed of negligible 
importance, Karlsson (1971) indicated skeletal muscle lactate 

can rise to 20-30 mM/kg. In this instance lactate in blood and 


other fluids rises as a consequence of lactate diffusion from 


muscle fibres. Muscle lactate concentrations remained high through 
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5 successive supramaximal efforts of 1 min duration, parallel to 
the subjects' perception of fatigue. But levels of glycogen, 
G-6-P, ATP, CP, ADP blood lactate and oxygen deficit increased 
through the trials (Karlsson and Saltin, 1971). 

Subjects with muscles rich in FT fibres have been found to 
have a higher anaerobic capacity on an exhausting bicycle test. 
This was indicated by Tesch (1978) who found a significant relation- 
ship between Lactate concentration and performance time at an 


intensity of 120% vO max (r = 0.76). Also he found a relation- 


2 
ship between % FT fibres and lactate formed (r = 0.85). 

Wenger and Reed (1976) summarized factors responsible for 
fatigue during anaerobic work. Increased lactate and consequent 
acidity could reduce PFK activity, thus reducing permeability of 
the muscle membrane to sodium ions thus altering muscle action 
potential and increase competition of Ht with cat for binding 
sites on actomyosin. Also depletion of glycogen, delay in 
phosphorylase b activation, reduced hydrogen ion acceptor NAD™ in 
the cytoplasm and decreased inorganic phosphate in muscle fibres 
lead to general decreased glycolytic energy production, decreased 
available phosphagens in the muscle and consequent muscle fatigue. 
Increased metabolites and decreased contraction ability Limit 
brief, high-intensity activity. Other factors could be uneven 
lactate diffusion to body compartments and fluids with varying 
total body water, oxygen deficiency, and varying active metabolism 


of lactate to glycogen, water + CO, or pyruvic acid (Astrand, 1976); 


3 
base deficit (Sahlin, Alvestrand, Brandt and Hultman, 1978); or 


reduction of central buffering capacity with peripheral or central 
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mechanisms (Sharratt and Jones, 1978). As early as 1969, Denolin, 
Messin, Degre and Vandermoten, summarized the problems of expres- 
sion of lactate: in plasma or total blood, arterial, venous or 
muscle sampling, moment of sampling and type of effort character- 
ized. 

0, Deficit and Debt: The aerobic energy mechanism does not adapt 


to exercise immediately. The amount by which the O, uptake lags is 


Z 
called the oxygen deficit. Oxygen debt is equal to the amount of 
oxygen taken up in excess of baseline value during the recovery 


period. The delay in return of VO, to resting values after exercise 


2 
is due to several factors (Knuttgen, 1969). 
1) 0, stores are reduced and part of the extra vO, used to 
(a) regenerate myoglobin stores, 
(b) regenerate dissolved oxygen in tissue fluids, 
(c) regenerate venous oxyhemoglobin; 
2) increased body temperature; 
3) increased adrenaline and catecholamines; 
4) increased pulmonary and heart functions; 
5) and most important, regeneration of ATP-CP stores. 
These factors may account for 3-4 L of extra oxygen taken up after 
exercises that do not take part in the elimination of accumulated 
lactate. This quickly repaid fast-component is called the alactacid 


component. The remaining O, debt may be utilized to remove lactate 


2 
produced during the work period; that is the lactacid 0, debi. fit 
would appear that increased debt (over deficit) would be due to a 


nonsteady state increase in lactacid component due to elevated 


anaerobic involvement. 
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Margaria et al. (1933) distinguished oxygen debt contracted 
for repayment of phosphagens as alactic and for repayment of 
glycolytis as lactic. They found no lactic acid detectable at 
low and moderate levels of work in spite of oxygen debt formation: 
lactic acid appeared in the blood only after strenuous exercise, 
linearly increasing with increasing oxygen debt. 


- 


A problem with 0, debt measurements has been agreement on and 


z 


determination of baseline VO, 'Stainsby and Barclay (1969) out- 


lined basal metabolic rate, resting VO, and Vo, at light work as 


possibilities. Debt estimates obtained from a 12 minute VO, 
collection period were 80-85% of the estimated debts from a one 
hour collection period, correlating r = 0.90 (Cunningham and 
Faulkner, 1969). The ozygen deficit may be a fairly constant 
amount. Karlsson and Saltin (1970) investigated the regression of 
muscle lactate concentration on oxygen deficit (r = 0.88) for 
various intensities of maximal work. The theoretical work value 
of oxygen deficit without lactate production was approximately 
1.3 L. Some investigators maintain a relationship exists between 
0, debt and phosphagen breakdown. Bergstrom, Harris, Hultman and 
Nordesjo (1971), in studying dynamic work, stated the alactic 
oxygen debt is important due to the decrease in ATP-CP in working 
muscles, 

The formation lactacid 0, debt is probably switched on by the 
increase of phosphate potential in the tissues, caused by the 
rapid fall of ATP after exhaustion of CP stores (Cerretelli and 


Ambrosili, 1971). Alactacid stores averaged 100 cal/kg body 


weight. Maximal phosphagen splitting occurred at exhaustion, 
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incurred by exhaustive exercise at 150-200% of VO,max in 60 to 
90 s. The limiting factor for glycolysis did not seem to be 
glycogen stores but maximal lactic acid concentration sustained 
(25-30 mM/kg muscle). 


Katch and Henry (1972) indicated 0, debt may not be a valid 


Ai 
estimate of anaerobic energy stores. They found little correlation 
existed between sprinting performance and maximum 0, debt estimates. 
In keeping with this, Graham and Andrew (1973) found the range of 
0, debts for athletes and non-athletes to be 43 to 229 mls/kg. 
Interindividual variability was limited even with training whereas 


intraindividual variability of O, debt, even when compared to 


Js 

VO,max, was great. In explanation of this Roberts and Morton 
(1978) claimed the inability of subjects to adequately reproduce 
an exhausting supramaximal effort was the major factor preventing 
reliable measurement of total oxygen debt. They developed a 
method of measuring alactic oxygen debt that was valid and 
reliable (r = 0.89) and found that total oxygen debt was not 
as reproducible (r = 0.34). The 30 s Wingate test is predominantly 
anaerobic in nature. Inbar, Dotan and Bar-Or (1975) found that 
the 30 s test elicited an oxygen debt of 112% that of an Sishee tis 
aerobic capacity test on a bicycle ergometer. They concluded that 
the aerobic component of a supramaximal 30 s test contributed only 
13% to the overall energy demand. 

Lactacid 0, debt would appear to correspond to the anaerobic 
involvement beyond that required for oxygen deficit. Whether 


lactate contribution is measured as a noninvasive respiratory 


measure such as 0, debt or as a biochemical phenomenon of muscle 
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or blood, it appears to indicate anaerobic power and capacity 
components to sustaining heavy exercise. 

Energetics and Efficiency: Karlsson (1971) suggested a total 
maximal energy output of approximately 30 Kcal by anaerobic 
processes. Margaria (1976) summarized the capacity and power 
of the exergonic processes taking place in maximal exercise, 
expressed as oxidative energy required. Respectively for the 
alactacid, lactacid and oxidative mechanisms, power was 48, 25 
and 13 Keal. eRe nner) ct 0 200 Glande at ace 
pate aun: maximum capacity was 20-40, 52 and undetermined rate 
minimum time for full contraction was 8, 40 and undetermined sg; 
and half reaction times were 0.5, 15 and undetermined min. 

The efficiency for work has been expressed in a variety of 
ways. Margaria (1976) estimated the efficiency of the processes 
of energy transformation. The overall mechanical efficiency of 
aerobic muscular exercise was 0.25; the efficiency of the oxidative 
synthesis of phosphagen was 0.635; the production of mechanical 
work from phosphagen cleavage was 0.40; the efficiency of the 
synthesis of phosphagen from glycolysis was 0,76; and the overall 
mechanical efficiency of muscular exercise performed anaerobically 
at the expense of glycolysis 0.215, not much lower than in aerobic 
exercise. He calculated the energy equivalent of phosphagen cleav- 
age and lactic acid formation: cal per mole phosphagen/cal per 
mole lactic acid = 0,8. Lactic acid was apparently utilized and 
formed when the unsplit phosphagen level dropped to about half 


the resting value. 
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Gladden and Welch (1978) looked at the efficiency of work 
for intensities of 30% to 100% VO,max. They found that both 


exercise VO, and lactate were linearly related to P 


9 in sub- 


10, 
maximal and short maximal aerobic exercise tests. The sum of the 
caloric equivalents of the exercise VO, + fast recovery VO, + 0, 


equivalent for lactate was the same at all inspired 0, pressures, 
indicating that efficiency does not change with increasing anaer- 
obiosis. Increasing work do eibsseey showed decreasing efficiency, 
regardless of energy source, aerobic or anaerobic. The delta 
efficiency of anaerobic work was 12% and overall work efficiency 
at the same work rates was 18%. The efficiency of heavy work was 
lower than the efficiency of light work, not due to energy sources, 
but possibly due to decreases in muscle efficiency and the meta- 


bolic overhead of stabilizing muscles, work of the heart and work 


of the respiratory muscles. 


The Test Duration and Anaerobic Time Course 


Exercise can be performed at high intensity or power for a 
brief duration of mainly anaerobic energy. Power output has 
varied from approximately 37 W for prolonged periods of cycling to 

1119 W for a brief all-out 5 s bout (Whitt and Wilson, 1974). 

The time course of phosphagen and glycolytic energy contributions 
to supramaximal work has been investigated. Margaria, Cerretelli, 
DiPrampero, Massari and Torelli (1963) studied the contraction of 
maximal alactacid and lactacid oxygen debt. They calculated the max- 


imal increase of lactate in the blood during strenuous exercise to be 
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phosphagen-splitting alone in exercise, He stated stores may last 
only 4 to 5s. Slightly higher phosphagen pools found in trained 
subjects and the start of glycolysis before ATP-CP depletion were 
possible factors in modifying the time course of phosphagen break- 
down. Lactate was formed even in 5 to 10 s work periods. Essen 
and Hagmark (1975) found lactate concentration can increase from 
1.8 to 2.8 mM/kg wet weight after 10 s of maximal bicycle exercise 
in both fast and slow twitch fibres. 
Energy required for high power arises from anaerobic fuel 

supplies. McGilvery (1975) listed maximum power in human muscle 
at the molecular level according to fuels utilized. The estimated 


i 


maximum fluxes of energy-rich phosphates, expressed as mM~P/kg.s, 


were: 
ATP,CP to ADP,Cr 1.6-3.0 
Glycogen to lactate 1.0 
Glycogen to CO, >H, 0 SP) 
FFA to CO, ,H,0 0,24 


The high power available from anaerobic sources is contrasted 
with high energy and low rate of release from oxidative sources. 

The 30 to 40 s time frame seems characteristic of anaerobic 
power tests on the bicycle ergometer. For example, Cumming (1973) 
used a 30 s power test at absolute resistance settings of 4.0 and 
4.5 kp, all-out cadence to test boys and girls. The 30 s time 
frame for power tests has subsequently been used extensively by 
the Wingate Institute (Ayalon et al., 1974; Inbar et al., 1975; 
Bearer et. dl.,oL9/7. 2079). 


In an anaerobic brief effort, aerobic involvement is small. 
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capacity. Subjects ran on a treadmill at 215 m/min and 20% grade 
till exhaustion when run time and venous lactate concentration 
were assessed, Net anaerobic power, work and capacity measurements 
are few. 

The time courses of anaerobic track and field performances 
are parallel to laboratory measurements. Burke (1979) studied 
college men on batteries of laboratory tests and 10 yd (9.14 m) to 
12 min runs by factor analysis. The 300 yd (274.3 m) run loaded 
similarly on aerobic and anaerobic factors at a mean time of 
45,2 + 3.3 s. Anaerobic supramaximal work seems best tested in 


1/2 to 3/4 of a minute in the laboratory or track competition. 


Climate 


Power outputs on short tests seem to be stable in different 
climates. Christensen and Nielsen in 1936, indicated strength and 


speed are not affected by moderate hypoxia of P, = 390 mm Hg on a 


B 
Hill's wheel apparatus. Neuromuscular functioning of brief power 
bursts may not be limited at altitude (Astrand, 1970). Bar-Or, Dotan 
and Inbar (1977) indicated that power scores on 30 s all-out trials on 
a bicycle ergometer using combinations of humid and warm environments 
were not significantly different than in neutral climates. Lower 


oxygen pressure, humidity stress and thermal stress appear not to 


mitigate power output of brief duration. 


Factors Interacting, Emphasized and Unexplained 


Power output is rarely limited by a few factors, some of which 
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are listed above. One example of an additional factor is seen in the 
study of Gregor, Edgerton, Perrine, Campion and Debus (1979) who 
emphasized the importance of controlling joint position, muscle 

length and moment arms simultaneously when describing torque-velocity 
relationships in isokinetic knee extensions. Segregating factors 

such as force and velocity of a movement may be an unfruitful approach 
to understanding human power, In addition other factors, such as 
heredity and muscle fibre type, may be more appropriately conceptualized 
together also. 

The literature on athletic power may seem to revolve around certain 
factors such as heredity, training, fibre composition, force or speed. 
However, ultimate performance at the laboratory or playing field will 
be the result of the sum of all optimized factors. A test subject or 
athlete with a general disposition for power and a favourable body 
structure in a given physiological and physical environment and time 
frame, can function in an athletic activity or test situation, in such 
a way as to express his or her maximal or optimal power. Perhaps the 
ultimate testing of such power will control or measure the various 
known factors in order to minimize residual errors in predicting 


performance and account for variation in power among people, 
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METHODS 


To establish the maximum power outputs and frictional resistance 
settings necessary to elicit MPO, a group of active to highly trained 
subjects were studied. Each subject was tested for true MPO and FMPO 
in a series of trials which included absolute settings at 5.0 and 6.0 
kp at the beginning of the series, a randomly inserted trial at the 
Wingate setting, a retest of FMPO and a series of anthropometric tests. 
The derived predictive equations were used in single-trial testing of 


members of the Canadian Olympic Hockey Team (1980). 


Subjects 


Twelve healthy, active-to-highly trained university-level subjects 
(designated experimental group, EG), heterogeneous with respect to 
type of physical activity involvement, were selected as subjects. 
Included in the group were university athletes: 5 hockey players 
(1 of which was a goalie), 1 cross-country runner, 1 soccer player, 
1 gymnast as well as 4 physical education students. They ranged in 
age from 21 to 33 years (x= 23.7 + 3.2 years), in weight from 59.0 
to 90.5 kg (x = 74.5 + 8.1 kg), in total body fat from 3.2 to 11.8% 
(x = 8.1 + 2.6%). (For physical and functional characteristics, see 
Appendix A-I, A-II, A-III and A-IV). To obtain scores of high power 
in one homogeneous athletic group, twenty-three members of the Canadian 
Olympic Hockey Team were also tested four months prior to the 1980 


Winter Olympic Games (designated Olympic group OG. (For physical and 


functional characteristics see Appendix A-V). 
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Apparatus 


For this study, the Monark ergometer was modified. Racing-style 
handlebars were installed. The handlebars were rewelded for additional 
strength. Duval microswitches were mounted on both cranks in order to 
count pedal revolutions. Revolutions were registered on a modified 
Sanborn 100 ECG recorder. The ergometer was calibrated daily using a 
series of weights ranging from 0.1 kg to 2 kg. The resistance scale 
of the ergometer was rotated upward to accomodate higher static cali- 
bration of frictional resistance settings (4.0 to 10.0 kp). Cumming 
(1973) suggested that friction was relatively constant at speeds of 
90 to 120 rpm for his 30 s power test on the Monark ergometer. A leg 
volume measurement tank used measured water displacements to 0.1L at 
20°c. Davies et al. (1972) indicated that limb volume by water dis- 
placement or anthropometry could replace leg muscle measurements by 
soft tissue radiography without much loss in accuracy. Katch and 
Weltman (1979) found the test-retest reliability of leg volume by 
displacement high (r = 0.95) with a standard error of measurement of 
+50 cas (40.05 L). 

Other apparatus used included John Bull Type (British Indicators 
Ltd.), a clinical balance and a steel anthropometric measuring tape. 
The hydrostatic weighing facility of the University of Alberta was 


used to measure body density. 


Procedures 


Introductory Session 


The members of the experimental group (EG) came individually to 
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the first session and were checked for general health and absence of 
athletic injuries. They were scheduled to come for exercise tests at 
the same time on each test day. Physical characteristics including 
anthropometric measurements were recorded: age, height, weight, leg 
volume and length, thigh and calf skinfolds and girths, and body 
density. j 

The volume of the right leg volume of each subject was determined 
by the technique of Sacer a1ae 1acenent: The tank was calibrated and 
measurements were taken at 20°C, Katch (1974) confirmed the accuracy 
of the technique on a test-retest basis (Mean difference = 10.1 ml; 
r= 0.97). Subjects squarely placed their leg only into the tank with 
inversion as far up the leg as possible (to the ischial tuberosity). 

Leg length was defined as the distance from the greater trochanter 
to the lateral malleolus of the right leg. Measures of thigh girth 
and skinfold were made at the midpoint between the greater trochanter 
and head of the fibula. Measures of calf girth and skinfold were 
made at the greatest circumference of the calf of the unweighted right 
leg. 

Total body fat was estimated from body density. The density of 
the body was determined by hydrostatic weighing with the volume of gas 
in the gastrointestinal tract assumed to be 100 ml for all subjects. 
Residual volume of the lungs was assumed to be 30% of the vital 
capacity. Vital capacity was measured on a Collin's vitalometer with 
the subject seated on the tank weighing chair (Novak, 1974). Percent- 
age body fat was estimated from body density using the formula of 


Keys and Brozek (1953). 
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Experimental Test Sessions 


The subjects undertook two power tests per day. Twenty-four 
hours elapsed between the paired tests. They were at least 2 hours 
postabsorptive before a test. The subjects were not informed of the 
frictional setting before a test but knew all tests were 30-35 s in 
duration. 

Test Procedure 

The following format was adhered to in each test. The saddle 
height was adjusted (and position noted for subsequent trials) so that 
the legs were almost fully extended at the bottom course of the pedal. 
The subject pedalled at 50 W for approximately 2 minutes at 60 rpm. 
The tester instructed the subject to increase speed until apparent 
maximum angular velocity, approximately 120 rpm, was reached. The 
tester called "go" and simultaneously increased the resistance quickly 
to the desired setting and turned on the revolution counter. It was 
necessary to start with no resistance because subjects had difficulty 
overcoming high inertia at the start with a load applied. As Katch 
(1973) found the delay from the command ''go'' to the setting of the 
proper resistance was approximately 1-2 s. The tester gave each 
subject strong verbal encouragement during each trial. Counts were 
made of each one half revolution of the crank for the test duration 
of 30-35 s. At the end of the trial, the subject was told to "stop", 
at which time the resistance was reduced to approximately 0.5 kp. 

The subject recovered for 2 to 4 minutes pedalling without load and 
then waited 20 minutes before he undertook the subsequent second trial. 
The ergometer was calibrated daily. 


The maximal power output MPO and associated frictional resistance 
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(FMPO) was determined by stepwise 1 kp increments in F (starting at 
4 or 5 kp) on successive trials till power output decreased. At that 
time, 4% and in most cases % kp increments or decrements were applied 
on the remaining trials in a homing fashion till FMPO and MPO were 
found. The resistance setting, as determined by the Wingate protocol 
(FWIN), was randomly inserted in the stepwise increments. The last 
trial in the series was a retest of FMPO. 

All records from the Sanborn recorder were 30-35 s in duration. 
The records of the number of revolutions for each trial were divided 
into 6 x 5 s intervals from 0.0 to 30.0 s, Rpm, absolute power (W) 
and relative power (W/kg) for the 5 s intervals and the mean power 
output for the 30.0 s period were recorded. 


POO=Fxf x 6 
aD Oe 


62 
where: 
PO = power output in Watts (W) 
F = force or resistance setting in kiloponds (kp) 
7 = pedalling frequency or cadence in revolutions of 
the crank per minute (rpm) 

MPO30s = maximal mean power output in 30 s, the peak and 
criterion value from the power curve plotted from 
all trials of one subject 

MPO5s = highest 5 s power output during the MPO30s trial. 


Individual power curves (power vs. force) were plotted for each 


subject. 


Olympic Hockey Team Test Session 


Stepwise multiple regression analyses of FMPO were produced, one 
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based on a pretest trial at 5.0 kp and one based on leg volume and 
weight measurements. The latter was selected for testing the Canadian 
Olympic Hockey Team. Four months previous to the 1980 Winter Olympic 
Games, the team (n = 23) were given a single-trial test based on these 
2 anthropometric parameters and procedures followed for EG. Body fat 
was estimated by the skinfold method (Keys and Brozek, 1953; Sloan, 
1967). 

Statistical Analysis 

The statistical analysis of the results involved pairwise 
dependent t-tests for differences of means, Pearson correlations and 
stepwise multiple regressions. The latter statistical computations 
were made using a computer program from the University of Alberta 
Computer Services (B. Pinchbeck) from a procedure by Draper and Smith 


(1966). Significance was established at the alpha level of 0.05. 
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RESULTS 


The physical characteristics of the 12 experimental subjects 
(Appendix A-I) included age 23.7 + 3.3 years, weight 74.5 + 8.1 kg, 
leg volume 11.2 + 1.3 L and body fat 8.1 + 2.6% (mean + standard 
deviation). The submaximal power values (Appendix A-II) were the 
pretest power outputs at 5.0 kp 556.8 + 39.1 W; at 6.0 kp, 582.1 + 
61.8 W; power output on the Wingate protocol, 588.4 + 75.3 W, and the 
resistance setting for the Wingate protocol, 5.58 + 0.61 kp. In the 
determination of the true maximum power outputs for the 12 subjects, 
5 to 10 trials were necessary. An example of the power vs. time plot 
for each of the five trials necessary for subject #07 is given in 
Figure 1 showing successive 5 s measurements. Individual power/force 
curves for each subject (Appendix A-III) showed a characteristic 
MPO30s and optimal force to elicit MPO30s, FMPO, and included pretest 
and Wingate power/force values. The individual power curve data were 
pooled and presented in Figure 2 as a group power curve. For the 
experimental group, true FMPO was 7,21 + 1.47 kp, MPO5s was 838.6 + 
127.4 W (11.27 + 1.38 W/kg), MPO30s was 661.6 * OS OeW. 66,9 os LoS 
W/kg) and speed for the MPO30s trial, MV30s, was 94.5 + 8.4 rpm 
(Appendix A-IV). 

On the basis of a l-tailed, pairwise dependent t-test, MPO30s with 
a mean of 661.6 W for EG, was found to be significantly greater (p< .05) 
than the power output, mean = 587.4 W, exhibited at the nearest 
resistance setting to the mean FMPO for the experimental group, 7.21 kp 
(Appendix B-I). The difference of mean was 74.2 W. No significant 


difference (p7.05) appeared between the mean F, 7.21 kp, and actual 
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F nearest 7.21 kp. Similarly, MPO30s was significantly greater 
(p<.05) than POWIN, the power output on the Wingate protocol with a 
mean of 588.4 W (Appendix B-II). The difference of means was 73.2 W 
and no significant difference appeared between the calculated resist- 
ance setting for the Wingate protocol (FWIN) and that actually used on 
the ergometer for the Wingate trial (FWINA). The difference between 
POWIN and MPO30s was as great as 146 W for high power athletes such 
as the university hockey players who had consistently higher MP0O30s 
and MPO5s values than the university gymnast, distance runner, soccer 
player and physical education students. Mean power outputs for the 
various submaximal and maximal expressions of power increases as 
follows: PO5kp, PO6kp, PO at mean FMPO, POWIN and MPO30s. Similarly, 
the corresponding % CV, coefficients of variation (standard deviation 
= mean, %) increased as follows: PO5kp, PO6kp, POWIN, MPO30s and PO 
at mean FMPO. 

The test-retest reliability (p<¢.05) of MPO30s at FMPO was 
r = 0.962 and of MPO5s, r = 0.912 (Appendix C-I). 

A hysteresis effect was noted in up and down calibrating the 
bicycle ergometer above 7.5 kp. The variation was approximately 0.1 
kp from 7.5 to 9.0 kp and 0.2 kp at 9.5 kp. The latter variation in 
resistance setting, when calculated with the mean MV30s, 94.5 rpm, 
amounted to an error range in power output of 18.5 W or 2.8 % of the 
mean MPO30s, 661.6 W. 


Stepwise multiple regressions by the method of Draper and Smith 


(1966) of true FMPO on the physical/anthropometric and pretest variables 


(see Appendix D-I for variable list and intercorrelations) yielded two 


formulae for estimating FMPO (see Appendix D-II for regression 
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analyses). The first utilized anthropometric independent variables of 
leg volume and body weight: 
FMPO,kp = -0.4914 - 0.2151 (Wt,kg) + 2.1124 (Leg V,L). 


The standard error of estimate (SEE) was 0.83 kp and multiple 


rs 
Nl 


0.873 (p¢.05). The second utilized a pretest power score at 
3.0 Kp: 
FMPO,kp = -9.0166 + 0.0291 (PO5kp,W). 

The standard error of estimate was 1.02 and R = 0.774 (p<¢.05). Weight 
had’ leg volume used separately as independent variables did not estimate 
FMPO as well as the above two estimations of FMPO (R = 0.506, p<.10 
and R = 0.743, p< .05 respectively). Noted was the high degree of 
association between these variables themselves, R= 0.921. 

The study was limited in sample size. Kerlinger (1973) proposed 
that a shrinkage formula (Appendix D-III) be applied to Ro the part 
of the Y sum of squares associated with the regression of Y on the 
independent variables to make a more conservative estimate of the 
variance accounted for. Thus R? for the anthropometric estimate 


reduces from 0.873° = 0.762 to 0.709 and for the pretest estimate 


from Webi 50, 599 .te, 0n559. 

Analysis of residual errors of prediction and of other statistics 
were performed on the data to discern violations of the assumptions of 
multiple regression. The relationship between MPO30s and true FMPO is 
shown in Figure 3. Similarly the relationships between true FMPO and 
the estimated FMPO's for the anthropometric and pretest data are shown 
in Figures 4 and 5. The slopes of the predictive formulae were greater 
than zero (Appendix D-II). 


Examinations of the residual plots for true FMPO minus estimated 
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FMPO versus FMPO, weight, leg volume and PO5kp and of unidimensional 
scatter plots for normality of distribution of errors of the two 
estimations of FMPO were undertaken (Appendix E-I to V). No severe 
departures from normal were seen. 

The linear relationship was reviewed between the true and esti- 
mated FMPO (anthropometric), the stimulus for MPO30s, in Figure 4; 
the spread of points about the identity line is even. However, 
the linear relationship in the response curve, true MPO30s versus 
power output at estimated FMPO in Figure 6, lies above the identity 
line. Readjustment of the identity line by increasing power values 
by the difference of means between true and estimated MPO30s shows a 
more even spread of points except for one outline (Appendix E-IV), 
with an outlying score of 158.5 W in subject 02. This subject had 
the highest speed of pedalling, MV30s - 110.6 rpm, at MPO30s, of all 


the experimental group. 


The application of the anthropometric test protocol to the testing 


of the Olympic Hockey Team (n = 23) yielded higher FMPO and power 
values than in the experimental group: FMPO = 9.77 + 1.61 kp, 

MPO5s - 943.0 W, MPO30s = 775.1 + 74.6 W and MV30s = 86.5 + 12.9 rpm 
(Appendix A-V(b)). Eight players had estimated FMPO's exceeding 
10.0 kp, the limit of the current resistance scale, and therefore 
pedalled at 10.0 kp. The mean MPO30s for the Olympic team, 775.1 W, 
exceeded that of the experimental group, 661.6 W, but was close to 
the mean of the four highest power scores of the experimental group 
(those of the four varsity hockey players), 785.8 W. The mean for 
the non-hockey experimental group (n = 8) was 599.5 W. Speed of 


pedalling at MPO50s was 86.5 rpm, less than 94.5 of the experimental 
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pao However, several players (07, 19, 20) had high pedalling rates 
for 30 s of 107.7, 126.3 and 103.7 rpm. Player 20 had the highest 
absolute and relative power of the experimental group and hockey team, 
915.0 W and 11.35 W/kg. Player 19 had the highest 5 s pedalling speed 
of 159 rpm at the start of his trial. 

The mean weight leg volume and body fat of the experimental 


group were smaller than those of the hockey team. However variations 


in values for the experimental group were somewhat higher (Appendix A). 


The relationships of MPO30s on leg volume and body weight for the 
experimental group are illustrated in Figures 7 and 8 respectively. 
The Y intercept of the body weight graph was almost seven times 
higher than that on the leg volume graph. 

Significant associations (p <.05) existed between MPO30s and 
MPO5s for the experimental group, r = 0.970 and for the hockey team, 


r = 0.893 (Appendices A-IV and A-V(B)). 
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DISCUSSION 


Power output on the bicycle ergometer is a function of the 
resistance setting or force and rpm or velocity of pedalling. Within 
a 30 s all-out power test, a unique optimal product of force (FMPO) and 
velocity (MV30s) exists to elicit an individual true maximal power 
output (MPO30s) as exemplified in the individual power curves. The 
similar relationship with the group pooled data in Figure 2 also shows 
the characteristic peak or maximal power elicited from an optimal 
resistance setting and optimal rpm, not necessarily extreme values for 
either. Similar findings are reported by Sjdégaard (1978) who investi- 


gated pedalling at 70 and 100% of VO,max and found that a force-velocity 


2 
curve must be mapped for each activity such as bicycle exercise and 
that discrepancies exist between Hill’s classical force-velocity curve 
and experimental curves. He suggested a discrepancy could be due to 
negative work being done before each positive cranking phase. More of 
the negative work could be used at high pedal frequencies resulting 
experimentally in a levelling off of the force-velocity curve rather 
than an intercept as in the Hill equation. Also increased prestretch 
and release of elastic energy were possible with increasing speed. 

The force setting of 5.5 to 10 kp in the experimental group is 
high in comparison to force levels used in aerobic testing. [In brief 
tests, such as of single efforts of maximum voluntary contraction 
(MVC), one can see even higher force settings. For example, Sjggaard 
(1978) indicated that the force of a single maximum voluntary contrac- 
tion for his 13 male adult subjects ranged from 230-420 kp. Repeating 


contractions over a period of time where endurance is limited to 30-40 s 
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diminishes the force of each muscle contraction to approximately 50% 
of one MVC (Borg, 1975). Similarly, the general hyperbolic-like 
relationships exist for the power (force x velocity) versus force 
curves exemplified in the current study. 

Force on the crank reflects the resistance setting set on the 
bicycle ergometer. Sargeant and Davies (1977) found mean peak forces 
at the cranks linearly related (0.98, p <.001) to power outputs below 
Vo,max (at 50 rpm). Work at the cranks may actually be approximately 
50 W (5% higher than the setting itself) due to frictional losses, 


that increase with workload. While study of high speed force record- 


ings at the cranks in anaerobic tests are needed, settings were deemed 


Suitably accurate in the current study. Hystersis effects in calibra- 


tion at high resistance settings were minimal. 

Various methods of administering force setting for power tests 
are available to a tester. Selection of an absolute setting such as 
5.0 or 6.0 kp, a mean fixed setting based on experimental evidence 
from a study such as the current investigation, a relative force 
setting based on pretest functional or anthropometric data or deter- 
mination of criterion force and power are previously used approaches. 
An absolute setting may not allow expression of maximal power for the 
individual. In the current study, three of the twelve experimental 
subjects actually decreased power output with the increase in setting 
from 5.0 to 6.0 kp. The mean fixed setting for the group and the 
Wingate force setting were similarly significantly lower than true 
maximum power. The force and power values from the literature, as 
surveyed in Table 1, evidence lower values. Previous approaches to 


power testing protocols are lacking, particularly for individuals of 


78 


BY 


my >) 
é | 
NO? yfesemixorqga of notsostIno9 efoesm dose to soTe? edt serdetat mein .¥ 

edil-silodzsqvd Istsnsgredd yisafhitmre = . (ete! .g20f) OVM ano | rs 
mT) 


sotot eversvy (yIrsofov x Box0%) Tewog 9:17 tor tebe aqtdenc taal: 


ad 


x wot a 
ag 


$3 mo Jee gntitse sonstelesr sz eSosiiter Ans ad} sorot 


huss dastrus els at bertiiquens esi zt 


: S \ 
5 


esotot tssq meom brivoi (T(E!) eskved bre sosegree <.rssemegre sloyord 7 
wolsd eavaduo rewoa o7 (100.>q .8@.0) bozeisr yviassnt! edasrs sz ‘te. a 


Yistsmixosqqs od vilsustos yem ernst sid 3s AroW . (gt 02 FB) ain OV a 


seseeo! Isaotdotr2 029 sub (tIeett gntizse eds ned torigid we) woe es) ati 


ii 


~brose: sorot bseqe daid to ybuse sfdw .bsoldyow aii sepatont safd ie 


~ oO . 
Z , 
a ; 7a 


bameab stow egniises ,bebsen oss eteed Sidotosms GE eaieao fs Je aged” a oa 


uy 


-srdtis: ni esostts ereteteyH .ybuse Instivs oda mi SIBTUS98 yides ive 
“( - 
‘a 


eies2 s9w0q 102 gatitise sor0i gnizesetinimbs to ebontem euortsv par, | <7 
ne 


Isminim stew egnissse sonsteres2 dgid 3s nord 


as fisve entvise stuloeds ns to motissise -182¢63° 5 93 gldsiiave $78 


: >~e 
 g5nebivs PRIDSEET EES, no beesd gnisise bextt assm es .qa 0.8 70032 
st 


so10% svitsiex B ,notdsgizeoval tnstzu> sd es fove youse # mort a . 
-sgbtob 10 sgeb sirisar Saari mS TO Isnoisonut sestetq mo - haat 
,esidosorgqs beau yviaucivetq sits! 1Swog bas so1ot nolvetizs to nie 
gfi3 10% rsw0q Ismixsm io notezerqus wolls son Yam gnitiee 

be sininnacied svisw2 sd3 aS sett .vbuse insitws sa at 
erlizes ni seseroni sd3 diiw duqsuo r8wog bsenetseb yllswvios 
el? bas quore $d3¢ rot gnitzse bextt msom sft ad. 0.8 oe at 


gust neil r4wol elonssr tbe vevetume, eto ort 
eB ,etuzerestl sts mort esulev. newoq. bre esto: Ser “Ss 


o2 eadonoragé evolegxt” ¥ 


higher anaerobic power. Subjects were most often not given an optimal 
or heavy enough loading for the test. 

The reliability of MPO30s is high, similar to the high levels for 
other power tests indicated in Table 1. Tests and retests were 
completed within 3 weeks in the current study. Therefore, although 
there seems to be reproductibility within a few weeks, stability of 
the measure over months and alterability by means of training have not 
been investigated. 

The stepwise regression technique conveniently yielded simple 
estimations of FMPO. The number of independent variables was low for 
each expression. The anthropometric estimation necessitated not only 
the weight variable as found in the Wingate estimate but also leg 
volume, equally expedient variables to be measured. The high multi- 
collinearity of leg volume and weight (r = .921) would be a problem in 
the regression except that each variable entered in the expression is 
tested for significance of its inclusion to the regression equation. 
Also for the variables already in the equation, the significance of 
their continued inclusion in the equation is tested at each step. 
Davies et al. (1972) found a correlation r = 0.93 (p<¢.05) between 
weight and leg volume in children of 6-16 years. Sample size affects 
both estimates almost equally and was a limitation of the study. 

The assumptions of the multiple regression analysis appear to have 
been met. The models of FMPO regressed on PO5kp, leg volume and weight 
appear to be linear and significantly greater than zero. The residual 
errors appear to be independent, to have a zero mean and homogeneity of 
variance. The anthropometric residuals are somewhat more normally 


distributed than the pretest ones. The anthropometric estimate requires 
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a scale and volume tank while the pretest requires only the ergometer. 
The former is preferred because of superior correlation and normality, 
less error of prediction, simplicity of pretrial measurements and 
absence of pretest fatigue and recovery time. All 30 s power trials, 
including pretest trials, were very severe and the minimal number of 
trials, preferably only one, is best received by subjects. 

The use of formulae to estimate FMPO allows options in maximal 
power testing as indicated in Table ‘II. Bracketing the estimated FMPO 
trial with runs + 0.5 kp to span most of the residual error of the 
method would improve the estimate and define part of the power curve. 

A post test analysis of MV30s for the trial adds further information 
as to whether subsequent trials should have increased or decreased 
resistance settings. With test option 2, it is suggested that second 
or third trials, subsequent to trials with MV30s below 80 rpm have 
resistance settings decreased; conversely those above 100 rpm have 
resistance settings increased, However, criterion accuracy necessitates 
multiple trials. Considering the standard error of estimate of the 
anthropometric method (option la), 0.829 kp, as a percentage of the 
mean response, 7.21 kp (Draper and Smith, 1966), the percentage calcu- 
lated, 11.5%, compares favourably with 10-15% error of prediction of 
VO,max from the Astrand 6 minute submaximal aerobic test and nomogram 
(Astrand and Rodahl, 1970). 

Elite hockey players have high development of muscular leg power. 
The Olympic and university hockey players (excluding goalies) had consist- 
ently higher power scores on the 30 s test than physical education students 
and other university athletes studied. The specificity of power is 


evident. Individual high values such as 915 W and 11.35 W, in the same 
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TABLE II 


MAXIMAL POWER TESTING OPTIONS 


Accuracy Number of 
Desired Force- Setting Trials 
Option l. Estimated a. Anthropometric FMPO 1 
b. Pretest FMPO 1+ 1 
Option 2. Estimated a. Anthropometric FMPO + 0.5 kp 2 
b. Pretest FMPO + 0.5 kp a oa 
Option 3. Criterion Determine individual 5 - 10 


power curve 


Olympic hockey player indicate high power values are possible in elite 
power sports and are not dictated by a gross body dimension, such as 
weight, alone. 

The apparent high power evidenced by hockey players is associated 
with the nature and time course of the game. Green, Bishop, Houston, 
McKillop, Norman and Stothart (1976) performed time-motion and physio- 
logical studies on varsity hockey players. They noted that forwards 
and defensemen had a continuous playing time per shift on the ice of 
39.7 s. Blood lactic acid levels after periods of play were elevated 
4 to 5 fold. The anaerobic nature of ice hockey and the similarity 
of duration of effort between hockey and the 30 s power test undoubtedly 
account for in part the elevated power levels evidenced by the elite 
hockey players in the present study. 

The time of the year when elite athletes are tested for power may 
dictate levels attained. Hockey players may show specific adaptation 
to their sport. Green, Thomson, Daub, Houston and Ranney (1979) indi- 


cated that fibre distribution, fibre type and metabolic profile of 
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elite hockey players prior to a season of play are within the range 
found for the normal untrained population. Size of FT fibres and 
conversion of FTb to FTa fibres is known to occur with training. The 
Olympic Hockey Team was tested 4 months before the Winter Olympic Games 
and approximately 3 months into the formal training session as a team, 
It is conceivable that higher power outputs would have been evidenced 
with peaking in training immediately prior to completion. Monitoring 
of pretraining, training and competition levels would allow the trainer 
and coach insights into the training needs of individual players. 

Body form is related to function in the current study as FMPO to 
weight and leg volume. Inclusion of leg volume and body weight vari- 
ables probably reflect leg hypertrophy and large absolute body dimen- 
sions of individuals capable of high power output. Katch (1974) showed 
in male college students performing heavy intensity work for 2 minutes 
on a bicycle ergometer that body weight, leg volume and leg weight 
accounted for approximately 41, 36 and 26% of the common variance in 
total work output respectively; when work becomes more intense with 
increasing time or load, factors such as body weight, taken on added 
importance in determining individual differences in work output. Body 
weight and leg volume accounted for 27 and 55% of the variance in 
power output in 30 s. Large muscle mass takes on more importance with 
increasing intensity of exercise. Saltin and Karlsson (1971) suggested 
that approximately 10, 15, 20 and 25 kg of the body's muscle mass are 
engaged in bicycle exercise at workloads demanding 25, 50, 75 and 100% 
of VOnmax. The higher intensity of the 30 s all-out test would neces- 
sitate high muscle mass involvement from not only the legs but 


apparently the trunk, shoulders and arms. Movement stabilization and 
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general twisting and lateral torquing of the handlebars of high power 
athletes necessitated strengthening the dropbars and frame of the 
conventional bicycle ergometer. 

Not all anthropometric measurements meaningfully contribute to 
estimations of performance. Adams (1967) investigated 60 adults from 
20 to 52 years of age cycling at 16 km/h. The multiple regression 
analysis confirmed the dominant effect of total body weight in the 
prediction of energy expenditure for the ride. Neither age, height, 
body surface area, lean body mass, fat weight or tricep skinfold 
contributed significantly. The total body fat and skinfold independent 
variables in the present study were not significant inclusions in model 
formulae, despite the heterogenity of leg and total body composition 
and heterogenity of anaerobic fitness of the active to highly trained 
experimental group. 

The relationship of power to leg muscle and overall body size has 
been established in a range of anaerobic and aerobic power tests. In 
comparing maximal power outputs of adults on maximal jumping stair 
running and aerobic bicycle exercise, Davies (1971) found significant 
relationships between leg volume and weight with various expressions 
of power in various ages of subjects. However, subjects older than 
35 years showed a complete lack of association between indices of body 
composition and maximal aerobic power. Davies postulated that muscle mass 
for a given body size remained unchanged with age but muscular energy 
stores and utilization declined. The experimental group of the current 
study was comprised of young male adults from 21 to 33 years; the some- 
what older outliers, 27 and 33 years did not differ from the nonhockey 


experimental group. Despite the high variation in body fat, the 
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group was lean (3.2 to 11.8%). The heterogeneity of fat within the 
lean classification still did not influence the estimation of FMPO. 
Thus, the applicability of the FMPO estimation to subjects is limited 
somewhat to young male adults of average leanness so that fat and age 
are not larger contributors to leg volume or body weight. Older, less 
lean and more sedentary subjects would find much less benefit from 
high power evaluations as from evaluations of aerobic power and body 
composition in any case. 

Anaerobic training may not only alter power levels of subjects 
but anthropometric measures upon which resistance settings can be 
based, Sprint training can result in gross changes in body composition 
and cellular adaptations, Thorstensson, Sjdédin and Karlsson (1975) 
investigated the effects of sprint training on 4 healthy male subjects. 
Aside from increases in performance in vertical jump, Margaria stair 
run, leg strength and endurance, they showed increases in total phos- 
phagens, ATP splitting and resynthesizing enzymes, fibre areas of both 
FT and ST types, leg volume and weight but no change in muscle fibre 
type distribution. They reasoned that increased fibre area could 
account for muscle hypertrophy based on increased leg volume. Cellular 
and anthropometric changes with training would predicate the retest of 
anaerobic power not only on the initially established FMPO but possibly 
on a new FMPO based on retest weight and leg volume values, 

The shape of the individual power versus time curves shown in 
Figure | followed that of Katch et al. (1977). Highest peak power 
(MPO5s) in a single trial was invariably in the first 5 s followed by 
a slow drop in the curve over 30 s. Similar to the stair run of 


Margaria (1966), the peak power (MPO5s) in a MPO30s trial run probably 
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reflects mainly phosphagen-splitting rate whereas MPO30s probably 
reflects both phosphagen and glycolytic or total anaerobic power. 
Further study will be necessary to quantify the involvement of energy 
pathways and appropriateness or the 30 s time frame for anaerobic 
capacity tests. Caution is suggested in using the MPO5s score as a 
true maximal value as it is dependent on the MPO30s and highly corre- 
lated to it. A unique force-velocity relationship undoubtedly exists 
for a true MPO5s for each subject, 

The question of generality of the test, its applicability to 
cyclists and noncyclists, must be considered. Astrand and Rodahl (1970) 
remarked that Olympic medal cyclists and untrained persons have the 
same mechanical efficiency at submaximal loads. Relatively uncompli- 
cated activities such as running, walking or cycling have only slight 
increases in efficiency with training but the increase is less than 
the variability between individuals. High anaerobic involvement, high 
pedal speeds and loads may alter efficiency. Gladden and Welch (1978) 


noted the efficiency of heavy work (100% 0) max) was lower than that 


2 
of light work, not due to energy shortage but possibly due to decreases 
in muscle efficiency and the metabolic overhead of stabilizing body 
parts, work of the heart and respiratory muscles. Therefore comparative 
studies on cyclists and noncyclists for mechanical, thermal and bio- 
chemical efficiency and habituation differences at 30 s maximal power 
levels is indicated. 

Speed and force mathematically contribute to power calculations 
jointly. However, speed may be less deterministically a factor in 30 s 


all-out trials. Although force (FMPO) was highly and significantly 


(p <.05) associated with maximal power, no absolute or relative, 30 s 
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or 5 s power outputs for the experimental group or the hockey team 
evidenced significant associations with MV30s (with the exception of 
the weight-relative MPO30s for the hockey team). Jointly, speed and 
force account for all the variance of power but apparently speed is a 
dependent factor rather than a singularly independent factor of power 
as defined in the current study. Thus specifying test stimuli in 
terms of specific resistance settings, with all-out cadence, seems 
warranted, 

From the study of the association between physiological form and 
function comes reliable formulae for estimating resistance settings to 
elicit maximal power on a 30 s all-out anaerobic power test on the 


bicycle ergometer. 


Implications and Applications 


Test properties need to be realized before widespread application 
of the test to groups at large. Margaria et al. (1966) listed advan- 
tages and disadvantages for an anaerobic power test, particularly for 
their stair run. Advantages: 

(1) The test should have a well-defined character, that is, 

power. 

(2) No particular knowledge or skill is required by the operator. 

(3) No expensive apparatus is needed. 

(4) The exercise requires no particular skill or training by the 

subject. 

(5) <a ape does not lead to exhaustion. 


(6) <A large fraction of the muscle mass is incorporated. 
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(7) The test has wide application in population surveys. 
Disadvantages: 

(1) The test depends on the subject being willing and unhandi- 

capped. 

(2) It measures leg and lower trunk power. 

The current MPO30s test seems to satisfy condition (1). The time 
frame of 30 s permits power development through glycolytic and phos- 
phagen energetics. The appropriateness of 30 s for characterizing 
total anaerobic capacity remains to be investigated. Analysis and 
description of fibre type and areas, terminal muscle and blood pH and 
lactate levels, enzyme involvement of ATPase, MK, CPK and LDH isozymes, 
initial phosphagen and glycogen levels and depletion and recovery 
oxygen will lead to the validation and understanding of the underlying 
physiological mechanisms of anaerobic power. 

The MPO30s test does lead to exhaustion. Therefore the results 
of multiple trials and other exercise tests in a brief period of time 
could mitigate expression of true MPO30s, The testing options listed 
reduce the number of trials at the expense of accuracy. Trained 
individuals recover quickly and the one-trial approach with a large 
group such as the Olympic Hockey Team is well-received. 

The development of norms and application of the test to population 
surveys can be realized after cross-validation of the test with another 
similar experimental group. 

Fitness testers should give consideration to the absolute or 
relative expression of maximal anaerobic power for populations. A 
logical and physiological problem sometimes arises in making absolute 


physiological responses relative by dividing the response by a body 
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parameter such as weight, height or surface area. Part of the fallacy 
can be in using a ratio of function and build (form) when values are 
not equidimensional (Kleiber, 1950). vo, and weight are assumed to be 
(Katch, 1973). Further investigation into the physiology of anaerobic 
power is necessary before suggesting dimensions for it. Part of the 
problem lies in assuming the ratio and regression expressions of 


power (for example MPO30s/wt and weight-regressed MPO30s/wt) are the 


same. Although some physiological ratio and regression relationships 


are consistently very close, as with BMR and body surface area (Tanner, 


1949), they need not always be, The ratio of power to some body 
dimension implies that on a graph, the line representing the ratio 
passes through the origin as well as through the point of the two 
means of VO, and body weight. That is the ratio assumes a perfect 
linear correlation between power and the body dimension and the two 
variables are directly proportional (Katch, 1973). This is obviously 
not always the case and can lead to erroneous conclusions particularly 
in population comparisons (Wyndam, 1974) and correlation analyses 
(Katch, 1973). In Figures 7 and 8, power is expressed relative to 
weight, the most common relative expression and relative to leg 
volume. Note that the leg volume expression for the experimental 
group (n = 12) would appear to be a better comparative standard 
because (a) the Y-intercept is 6 to 7 times closer to the origin, 

(b) the correlation is higher and SEE, lower, (c) the ratio of % CV 
MPO/% CV anthropometric standard is closer to one for leg volume than 
weight, where one indicates ratio and regression scores are the same 
(Katch, 1973) and the ratio (broken line) and regression lines are 


nearly coincident. (No statistical tests of difference were done on 
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the limited amount of observed data). Caution is suggested in adapting 
a relative anthropometric standard until the nature and dimensions of 
anaerobic power are more fully understood and more ASE EEAE have 
been tested. 

The properties of the Margaria test are parallel to the properties 
of the current test. Further internal investigation of the physiology 
of power and external application with normative data on widely vary- 


ing groups will elucidate an important area in sport and work science. 


ocliqebs ni bazesggue et aoigus>D ,(agab bevxseda Toi 
to amolememtb bne stusen offs Itgav trsbrase sizsemoqorisas erlss 


sved elsubivibnt stam bes booderebay ylivi s1om sap Teweg 


esizxegorg oft of Iislinzeg e7o 1297 nbangraM. sis Qovestazegere sgt , 
yecoloseviq of3 To sefsagisesvat Lentesal wediswi Jeet saaeaws adt30 
c r . ae! * 7. * . val ve 
~etav ylebiw no sash evtisstron diiw mobisailqgs lsaisize faa zavog i t 


somsiae Axow bre tnoge at sexs Jhssiegiloigqe \stghtoeds f 


erie 
; wipe | a 
, Y fa) 7 ‘ 
pout Sete eupgly 
" i 
‘ Pe Dd ye 4 a ' i) i¢ ' y i] 
Cath as! =n he i? , 
# . ; "ey Ts 
% yf sae i CMW ark? - 
- Raa ore av 


SUMMARY AND CONCLUSIONS 


The purpose of this investigation was to derive formulae for the 
estimation of resistance settings on the bicycle ergometer that would 
allow subjects pedalling all-out for 30 s to demonstrate maximal power 
output. 

Twelve active to highly trained young male adults were measured 
on a series of lower limb and total body anthropometric measures. They 
were also tested in a series of 30 s all-out ergometer tests. Force 
settings used were absolute settings at 5.0 and 6.0 kp, a weight- 
relative setting from the Wingate Institute and a series of increasing 
settings till maximum power was demonstrated. A general individual 
and group curve which was concave downward resulted from which true 
maximal 30 s power outputs (MPO30s) were established. 

MPO30s proved to be significantly greater than the power output 
at the fixed mean resistance setting for the experimental group and 
greater than the Wingate power output (p<¢.05). 

| The MPO30s elicited from the FMPO, the resistance setting from the 
power curve for MPO30s, proved reliable on a test-retest basis (r = .96, 
p <.05). Therefore predictive equations for FMPO were established by 
stepwise multiple regression on the anthropometric and pretest sub- 
maximal power outputs. The first utilized power output (W) at 5.0 kp: 
FMPO = -9.0166 + 0.0291 (P05,kp) with R= 0.774. The second was 
derived from weight and leg volume: FMPO = -0.4914 - 0.2151 (WT,kg) + 
2.1124 (LEGV,L) with R = 0.873. Application of the latter protocol to 
the Canadian Olympic Hockey Team resulted in a power output of 775.1 + 


74.6 W with a ceiling output of one player being 915 W, 11.35 W/kg. 
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In conclusion, a reliable testing tool is available for determin- 
ing maximal anaerobic power on a single 30 s all-out trial on the 


bicycle ergometer. 
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APPENDIX A-I(a) 


Physical Characteristics of Experimental Subjects 


Subject 


Ol 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 


Mean 

SD 

*% CV 

Range from 


to 


Age 
(yrs) 


Pe a | 
a a 
A364 
21 

33 


Weight 
(kg) 


74.1 
64.0 
90.5 
81.6 
82.9 
78.4 
68.7 
74.4 
73.1 
Took 
59.0 
72.5 


74.5 
8.08 
10.8 
59. 
90.5 


Leg 
Volume 


(L) 


12.0 
IG pa 
SNS es) 
12.0 
12.9 
gis O74 
10,4 
10.2 
10.6 
jie he 
9.0 
21.3 


‘ih Seay 
wy 
1.35 
9.0 
13.9 


Body 


Fat 
(7) 


4.9 
6.5 
10.5 
3.2 
10.4 
pin E es) 
See 
Oo. 7 
i. 5S 
oo 
8.0 
6.4 


8.06 
Ze JT. 


i plate, 


B22 
i. o 


Athletic 
Classification 


university hockey 
university distance running 
university hockey 
university hockey (goalie) 
university hockey 


physical education 


‘physical education 


university soccer 
physical education 
physical education 
university gymnastics 


university hockey 
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APPENDIX A-II 


Submaximal Power of Experimental Subjects 


P030s P030s FWIN FWINA POWIN 
Subject at 5 kp at 6 kp 
(W) (W) (kp) (kp) (W) 
01 600.0 640.0 5.56 5.5 641.6 
02 556.4 650.6 4,80 5.0 555.6 
03 620.1 630.6 6.79 7.0 752.9 
04 552.9 608.8 6.12 6.0 608.8 
05 579.9 647.1 6.22 6.0 647.1 
06 573.0 562.9 5.88 6.0 562.9 
07 522.5 560.6 5.15 5.0 522.5 
08 532.4 487.8 5.58 5.5 571.6 
09 570.6 600.6 5.48 5.5 599. 1 
10 501.0 522.9 5.63 5.5 491.2 
11 482.9 456.4 4.43 he 5 464.1 
12 590.2 616.5 5.43 5.5 643.3 
Mean 556.8 582.1 5.59 5.58 588.4 
SD 39.1 61.8 0.61 mae 75.3 
7, CV 7.0 [06 10.8 10.9 12.8 
Range from 482.9 456.4 4.43 4.5 464.1 
to 620.1 650.6 6.79 AG 752.9 


FWIN is the calculated force setting from the Wingate Institute, 
F = .075 x Weight (kg) 


FWINA is the nearest force setting on the bike to FWIN, used to 
elicit the power output according to the Wingate fomnula, 
POWIN 
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APPENDIX A-III 


The Individual Power Curves 


+ a | 


Pax 


—_— > 


: (4%) 25104 | ) ; — 


Or é g i : g a ; ' a a 
“<7 tla | make | ae | 00"O0¥ j —— ar 


ee) 


- goose a yy 
> ae | pa" 00s: 


8 ee ae | | | mS cs. go" OSS 
— oe ) {0-43T-A KIGMM4GS 


xewog to gifladoitelox si3 :evy  yewoq £ iv AO oR oo ee 
edd dtiw) epetstoe eox10t eugixev 3s benisjis esuqsuo : 

og so10% evs orf suqsvuc iswoq Lemixas xc sakoa so ae 
(@ fodaya agtoyt Dessctbad Juqgiuo x9ewoq Lem§t i =. “lees 
_—~"T {0% jostdue Istnsmkieqxe Isubiv od 10? a 


ee 


"To# QOeCqns TequseuTrTedxs TeNpTATpuT sy ACJ 

(@ Toquds sy Aq paqzeotput yndyno Aemod TeurKew BFTOTTS 
03 9070F OnzT 9yQ We ANd|Ano AOMOd TeuTxeU TOF JuTOd 
eu UTM) ShuT}}eS BsOATOF SNOTARA 37e posuTe ze sqnd3no 
aZemod jo dtysuotyeqtet 9yq :aaano ZaemMOd TenpTATpuUT o9yL 


TO-III-W XIGNdddv 


109 


(dy) aDI704q 


OT 6 8 L 9 S 
PERRET SRT STS ee ean Sacer So ees pe eg eee omen 


00°00 


00°0SP 


00°00S 


00°0SS 


00°009 


00°0S9 


00°O0L 


00°0SZL 


00°008 


(mM) 3ndqynQ 1eMod 


-- ee 


—- 


00.008 


00.008 


A 
ws : 


~ 


v) Juqeuo 


9wod 


110 


@ 
SE * ’ q a 
~ idy) e0304 : ; on 
. : « n ba 
i Bt 6 8 9 S ’ = Joo 
Ra ace Seema [pt - 00° O0r 
os? hy - a 
—— 1 oe ~_s es ; ‘ace ;- oe 
i = > ' — > A : Pp A ta Ss oo oc? ; z - 
: ee | | 
; — | oe" ons 
— | “ky. Ut 
7 \ 
. ' aed : = aa \ 
ea. OS x5 , 00° 
Se 2: | \ tele 
= ee ee ; ons £0- aco a XIGUAITA 
- | 


673 diiw) epritss tot evolzev Js benistis etuqtuo 


ae 
(@ Lodmye siz yd bests ert JuUGIHO tawod pee 


. SOF tos(due letnemixzeqxe Fe ows x08 


_*F * % 


oo° ese 


tewou to sap aie or gna revies rewou sy 1B Bp 


*ZO# QOeCQns TequseUTTedxa TenpTATpuT sy AOF 

(@ ToquAs ay Aq paQeotpuT yndyjno Asmod [eutTxeuw FIOTTS 
O32 B9dz70F 9NTW 9YyR 7e ANdQNnO AEeMOd TeUTXeUl TOF qutod 
eyud YaTM) shuTqqes eoTOJ snoTTeA We peuTeR Qe sqndqno 
Zemod yo dtysuotzepTerz |yQ :aaano Aemod TenpTATpuT syd 


cO-ITI-W XIGNadddV 


111 


(dy) as0104q 


OT 6 8 L 9 : 
LSS Ser pn eee eee. gee ae earners premcesercomens om 


Fe) 


00°00 


00° 0S? 


00°00S 


00°0SS 


00°009 


00° 0S9 


00°O00L 


0O0°OSL 


00°008 


(mM) 3nd3no 1I39eM0d 


: 
} 
: 
- 
: 


z 
; 
: 


> 


O04). G@\ 


Pa 
- ae 
4" m4 ~~, oo 
a -s Lee 
o; é 8 i . . . . : 
‘ 9 se et ee ce oes a ee fel ee eet ee oe, eee > — Sy Ne a 4 
os 
; =. 
‘ = sz we: _ cme = 
caw 3 i = . = 
= i“ a 2 -* te” » , 
ae —— ae pak e oe — wie! aes 
. Dees | ©0-I77-a x rawaa@A — me = ee oe 
iy 7 " 4 a = “77 
Th — : . ' Pe 
al 7 48Woq To bsiieESen os ois. Paya #2 TSWwod Testi ers rs ; -- ae 
ony siti} apnistee egxot BiStisy #e-beni intie etugsuc. A oA ae 
Od. e0I01 suxy ods 36 Tugsue ~ovoq Lea axa 30) 3h S acini 


(@ Locye ait vd hoissihat Juqtyo stowoty Ebing ieht i 
£08 soptdue nepener taal Nach i ols * 


“cox qoeCqns [TejuouTTedxe TeNpTATpUT 94 OF 
(@ ToquAs 9y3 Aq pazeotput qndano xzemod Teutxeu FTOTTS 
0} voTOZ onTQ sYyQ ze yndyno zomod Teurxew rOZ JutTod 
eu UTM) shuTt3QeS eOTOF SNOTAeA 4e peuteqye syndqno 
zomod jo dtysuotzepToert ayy +eAano Zamod TenpTtATpuT euUL 


€O-III-W xXIdGNdddv 


113 


(dy) 90104 


OT 6 8 L a S 


Ne ee a a 


a 


00°00 


00° 0SH 


00°00S 


00°0SS 


00°009 


00°0S9 


00°O0O0L 


00°OSL 


00°008 


(M)3nd4yno azamMog 


oe 


ee 


A — 


\ ~" 


‘ 


| 


— 


05.008 


00 . 2% 


ahs 
66.9007 Guy SUGIBO 


"DO .bea. 


00.0¢2 


00 .00¢ 


= eet i meaner = — =< ees = = I cae ee ee 
i re =. 
ao “x 
er 
4 a - at tem 
c } x Pn 
’ © 


{44} a@5304 


§ a a oa 9 ae foe er we eet 
| ———— —-90700F er aha = 


00°oSy i 
ob" DOS: 


; | i= Oe 

_ BO-TEEMA ines | ee 2 
19¥0q,20 gidenoftetex,efs :evius toewog Laub sida 09 ee a 
ae 2ist) oe6nisttee so10i evolrev ts benistis agugwo = 
os aixto outs eft 36 Juqtuo xswoq Ismixsm)s0% Ink ee aa 
-(@ Loday® sd3 yd betsoibat tuqiuo tewog Lamizem Cie 
-D0# Jtos{tdva Istnomizeqxs [subivibgi oft 102 


- 


2 


"vpo# 3OeCqns TeqQUuUSoWTIedxS [TeNpTATpuT 9yq AOF 

(@ ToqudAs 9yqQ Aq poqeotTput Andqno xzeMmod TeutTxeu FTOTTS 
OQ 980703 ONnAQ 9YyA We ANndyno AseMod [Teutxew AOZ QWutod 
@9yu3 UATM) sbutQ3eSs vsoIOF snoTzeA Ae poseuTe jWZe syndzno 
Zamod jo dtysuotzepor 9yqQ :eAanoO Aamod TenpTATpuT 3yL 


vO-III-W XIGNAddvV 


115 


(dy) a0104 


OT 6 8 ‘A 9 S v 
| $$$ fp pp 


00°00F 


00° 0SP 


00°00S 


00°0SS 


00°009 


00°0S9 


00°O00L 


00°OSL 


00°008 


(M)3nd3nQ 1eM0Cg 


00.082 
: = “ ’ A oa 60.00¢ 


- 90.028 


’ 


a e 8 | ¢ ; 


25 ' 


pet OH OOD , 


re ms - 
= gee 
: a 
= “~lile 
os 
: 


-_ P<  <- oa _ — — — 4 — meneame Suiiieninen — — —_ _ a — Se - 7 a 2a Ge, => 
v= — ~~ = — a0. ee —- 
_ —— ~ 
CSS ead % 
y 7 


_ J 
7 : - ee o y ~~ = , 7 _ 7 
: M34) Si soe f i sl i 
of - = a ; 3 $ rt eon 5 ar 
m 4s aii oe ont erie > (a ay e-AGy ae eeeare a ee ee lea Seek a = 
. eta Ee 
: Varese 
a — 
eS =, : 
‘ — ; 
ae —==y Pee — 
= a 7 es t 
™ , : - a_i 
J ab ™ 5S = ak. , 4 
’ a: Se 


@0-I11-A-XEqUaITA 


+ 


pw Pa qidanctté tes ala: gyro: 8WOG iset 

“ot dttw) epaisise e202 BOL y ts. vanes é 

‘ oF 90703 ou43 ots 58. siti slawod: Lemacdrae 
= ce toditys. — bsiscthat Juqsuo “xewog 

—— la Leia Pi agKs feubiv . 


“so# 3OeCqnsS Tequoutrzsedxs TenptAtpuTt syy AOF 

(@ ToqudAs oyy Aq poazeOTpUT qndqno zemod umutxew QTOTTS 
0} 90x0F ONnz3 9YyA 7e Yndyno Aemod TeuTxeu TOF qutod 
3U} UITM) ShuTQ}eSs BsoTOF SNOTAeRA Je PoUuTe Ae syndyno 
zomod jo dtysuotzepter vy zeAaTNoO Zamod TeNnpTATpuT Y9UL 


GO-III-W XITGNdddV 


117 


(dy) 90304 


OT 6 8 L 9 S v 
| + +t tH 


00°00F 


00° 0SP 


00°00S 


00°0SS 


00°009 


00°0S9 


00°O00L 


00°OSL 


00°008 


(mM) 3nd3no 13aM0g 


(ui) 90208 


—— oo°aor 


00° OG? 


90°00S 


i 
fe 


"994 ZOoLCqns TeqUoUTTedxKS TeENpPTATpUT 9Y44 AOF 

(@ toquds sy Aq peqeotput yndyzno zeMd umutTxeul FTOTTS 
0} 9970F ONAW 9UQ We YNdyZnOo AaeMod TeuTxeU TOF qutod 
aud UTM) ShutTqQQeS BsOoATOZF snotzreA Ae psuTe Ryze s3ndjno 
zomod jo dtyusuotqzepTer oy} :eaand ATemod TeNpTATpuUT 3UL 


90-III-W XIGNdddV¥ 


1319 


(dj) 20704 


OT 6 8 L 9 S 


v 


|] tp} tt tt 


Nee: Zetec 


00°00 


00°0OSP 


00°00S 


00°0SS 


00°009 


00°0S9 


00°O00L 


00° OSL 


00°008 


(my3ndynQ 1aeMoOd 


00.002 


00. 02s 


a ai ti iar tae iene nin Saati ee EE 


OL 


e 


8 


(mes) 


t 


s9704 


a) 


é 


t 


(d¥). 20303 


— 90° psr 
oo*006 
= ne 7 oe*oss - 
ie ens on - 
re O-III-A XTawaqqA 6. ieee 


elt fjiw) epnissee soxct auolxey 46 bonisips 2 BO | 


- 


ame _ 03 90102 ev13 sit 4s tuqiue tewoq Lamix 
a (@ fodmye ai? yd botsotbai tugtue xewog aw 


asuqiuo 

; . j Bs ae fie a@ 
a ae _ TOR Josidue Lesnemixeqxe favbivitnt eft 102 
3 -_ : —. : = 7 eo oNL 


Shr = 


"LO# QoeCqns TejQUSUTTedxe TeNpTATpUT sy AOFJ 

(@ Toquds ey Aq payzeotput yndqzno A9eMod umuTxeu FTOTTS 
03 9070F ONnzz 9YW We YndyZNnO AeMOd TeUTXeU TOF qutod 
ou} UQTM) shuT}}eSs BsoTOF snotzeA Je pouTez ze sqnd no 
zoemod so dtysuotzejpter eyQ :eAano azamod [TenptaATtput suL 


LO-III-W XIGNdddW 


wt 


(dy) 9010q 


OT 6 8 ‘a 2 S 
ee 


v 


00°00P 


00° 0S? 


00°00S 


00°0SS 


00°009 


00°0S9 


00°00L 


00°0SZ 


00°008 


(M)3nd3nQ 1aMOd 


{W#) Juquo 


* Se ; ; ; il 
: 4° & 


00-00 


~ 00.022 
— §6.6002 
- 06.02) “tag 
a et OOF 


(qd) 903074 


Force (kp) 


“go# qooCqns TejUSUTAedKS TENPTATpUT BY AOJ 

(@ ToqudAs ayy Aq pazeoTpuTt qgndano z9mMod wnuUTXxeW JTOTTS 
0} 90TO0JF OnazQ By 7e YNdQAno AEeMOod TeutTxeu AOF qutod 
9yu2 YUQTM) Shut}3eSs soTOF sNoTATeA We psuTez ze sqnd no 
zomod yo dtysuotqetert oyq :eAand AeMOd TenNpTATpUT SUL 


8O0-III-W XICGNdddvV 


123 


OT 


(dy )a0104 


iE 


00°00 


00° 0SP 


00°00S 


00°0SS 


00°009 


00°0S9 


00°OOL 


00° OSL 


00°008 


(M)3nd3nQ 19MOd 


Por oe (kp) 


2s 


® cna as 
7 7 bg, 
; Mie | 
F 
Ly 
i 
7 4 
T 
be 
= i * 
a 
a aa 


-60# QOeECqnS TeQUSUTZEdKxSe TeENPTATpUT sy OF 

(@ toquds ayq Aq pezeotput yndyno azomod umutxeu QTOTTAa 
Oj 90xXOF ONnAW 9YyQ We 3ndyNno zomod Teutxeu TOF QuTod 
au YQTM) shutjqes so7TOF sNOTAPA 7e poUTeRAe s3ndqno 
aemod so dtysuotjzepter ey :eAano Zomod TeNpTATpuUT 9uUL 


60-III-W XIGNdddv¥ 


125 


(dy) sd104 


OT 6 8 L 9 S . 


v 


00°00 


00° OSPF 


00°00S 


00°0SS 


00°009 


00°0S9 


00°O00L 


00°OSL 


00°008 


(M)3ndqnQ IaeMod 


(nD) 


ec 


£orc 


re 


co 


©. + 
i 
| 
: . 

ft | 

od 1 a 
© ivy 
o S 
J . 
ree c 
c ioe 
ad > 


ae ee I 
‘ 
® 
” 
e 
My 
, 


’ 
“ 
4 
‘ 
F 


+t | ee 
HY —— 
af i ors kk See 


ares wang 


if 


Of-IIi-A KLQMaucA 
sewog to gidenolitsies edt — 1sWwog r 
ods i3ziw) epatiter eos0t exsoiisv 36 bernie: = 
oJ sorct suxt edd da Juqtuo xowoq Isamixem x10? a a~ 
(@ ait va Juqive Tewog «psn 


.. 


“OTH QoeCqns TeqQuoUTTsdKS TeENPTATpUT SYA AOF 

(@ TtoquAs ey3 Aq peqzeotput yndyno Aemod umutTxeu 4TOTTe 
0} 9o0TOF ONnAQ BvYyQ We YNdQNno AeMOod TeuTxeU TOF qutod 
aud YQTM) shuTtQ3es sdTOF snoTAeA Je posuTez ze syndqno 
zomod yo dtysuotqeqter 9yQ :eaano Temod TenpTATpUT 9UL 


OT-III-W XIGNdddV 


(dy) a9104g 


OT 6 8 L 2 S 
SSS a ee ee pene pees 


a 


00°00 


00° 0SP 


00°00S 


00°0SS 


00°009 


00°0S9 


00°O00L 


00°OSL 


00°008 


(mM) 3nd3nQ 1A9MO"d 


Fea gene 


- - 00.008 r= 


= a Re - 00.02t ee 
_ 4 Pr 56 .0eT (W) 3uqsuo ewe" 


ae / — 9b. 62s yo 


: 

} 

; @ a 
ne eT | Se Wee Se Oe OY Ce ee ae ; 


(qA} so 10% 


“ITH qooelqns Tequoutrsedxe TeNpTATpuT eyy OF 

(@ Toquds oyQ Aq peqzeotput yndyno zemod unutxeu 4YTOTTS 
03 9070F enzW BYyy We YNdyAno AeMod TeuTxeuU TOF qutod 
|ua UITM) ShuT}}ZeS BOTOF SNOTARA Je poUuTez We sqnd3jno 
zomod yo dtysuotqeqter ayy :aarnod Zemod TenpTATpuUT UL 


TL-LLI-W XIGNAddv 


129 


OT 


(dy) ad104 


L 


00°00F 


00°0OSP 


00°00S 


00°0SS 


00°009 


00°0S9 


00°002 


00°OSL 


00°008 


(M)3nd3nQ IaMOg 


s ity are. ur T® 
ra ee at fq Pese> (pct yest sod Wes 430178 
= oS). BMEak FD > Bw'gps came fet ee cy awrot 


a ~ Ga pe ore’ et weg Soe be ee tppaqyer > 92088 So Fa. — 


¢0.00¢ 


ic-—-e—_——— oon 


(qa) 99104 


: < at we’ 2 oo S m=}. i - oo fat * rae eal a a - 
: 7 Lis —_ 


REM ; ear Sa 
- 00.028 | 
. 
| 
' 
| 
a 


= (au) SOI04 


ne a 
= - 

7 * “55 
A 

. 


a Se 


a es SET ag. ere a ere : 7m 
: ca os - >. lee le = nd an 


"CTH qooefqns [TeqUusWTTedxs [TeNpTATpuUT 9Yy AOF 

(e ToquAs eyq Aq peqzeotpuTt yndyno zomod wnutxew 3TOTTS 
O} e0z7O0F 9NIQW 9YyQ Ze Ynd3zNnoO zamod Teutxeu rOF AutTod 
9Uu4 YQTIM) shuTqQ3eS sOTOF SNOTIRA Ze pouTez ze s3ndjno 
zemod yo dtysuotzetert eyQ :eaano AamMod TenpTATpuT ous 


CL-III-W XIGNdddvV 


131 


(dy) ao104g 


OT 6 8 L 5 S 


|] $$ pp] 


ee: 


| 


00°00F 


00° 0S 


00°00S 


00°0SS 


00°009 


00° 0sS9 


00°O0OL 


00°OSL 


00°008 


(M) 3nd3nQ 19MO0Og 


~ Ob. bee 


| 06.02 | Orbs. et 
~ 00, Gc4 


oe ae i I ld ae 06.00) 
bh 


cv. 
v 


132 


OL 9°OIT L8°OL Z°88L 08 °€T 0°OSOT 0°OT 03 

G 7°08 96°9 6 °C72S Te °6 1°79 G°s wolz ssury 
8°8T 6°8 6°? 9°71 2 °C Z°ST 7°07 AD % 
€°T 7°8 GI °E 9°96 8E°T (ANT LY" as 
Cink: G6 16°8 9°199 LeU 9°8E8 TZ°L ueoy 

9 €°68 L8°OL 6°L8L 1S *€L 7°616 0°6 ZI 

l 9°16 26 °8 €°97S 16 “OL I °L49 G°s II 

L 6°88 96°9 6 °27S LE "6 8°869 0°9 OL 

l I °ZOT 96 °8 9°SZ9 9Z°OT 8°98L GZ°9 60 

9 0°901 g9°L 9°TLS 7/°6 LeL G°s 80 

¢ ¢°68 70 °6 L°079 EL°IT 0°908 GL°9 LO 

9 1°76 76°L L°%29 29 °6 7° 1G L GL°9 90 

6 0°68 L7°6 €*S8L OS “IT 6 “2S6 0°6 SO 

L 7c °C6 €0°8 €°SS9 Gor 6°2S8 Gar 70 

8 8°€6 79 °8 L°Tsl 09°LT 0°OSOL S°8 €0 

8 9°OIT LT °OT 9°0S9 O€ °ZT T“L8L 0°9 rAd) 

OT 7°08 £9 “OT Z°88Z 08 °€T G “€ZOL 0°OL 10 

(wd) (34/M) (M) (34/M) (M) (dx) 
STBTIL OdWa qoalqns 
JO Taquny SOCAN 34/S0€0dWN SOCOdN 34 /SGOdN SGOdW ond, 


sqo0fqng [TejUowtTisdxyY Jo AsMog TeUTXeW 


AI-V XIGNdddV 


0. O20£ 


a 


133 


APPENDIX A-V(a) 


Physical Characteristics of Olympic Hockey Players (n = 23) 


Leg Body 

Subject Age Weight Volume Fat 

(yrs) (kg) (L) (%) 

OLG 27 74.5 11.8 9.8 
02 on 83.5 14.0 10.9 
C32. 20 80.3 l2e7 Ripe 
04 23 98.3 16.2 11.4 
05 20 o1.9 asa 1 
06 at. 82.0 TS oe 9.9 
07 22 Te ohh 11.3 9.8 
08 20 88.6 14.7 12.0 
10 24 75.9 12.4 iS 
‘ig 4 19 7 ek pC 1 ce ae 
12 21 eas 13,0 10.3 
14 29 81.0 nis Seat, 
15 1a) Ue Le 10.0 
16 ra 83.6 13.6 10.5 
17 pa 95.0 15.8 il.2 
18 a3 86.3 14.4 ES 
19 19 74.0 10.6 10.3 
20 ran 80.6 12.7 925 
Z1 24 S1.3 1320 = HAE, 
22 21 80.9 Pao At 10.4 
fae 22 77.2 1.9 1a pe 
eae 19 78.9 13.6 10.0 
30 G 23 oes |g 10.4 
Mean 2 2a. Sisd pls gal 10.6 
SD 25°99 G4'33 io 0.67 
% CV Lis’ 7w8 9.9 6.5 
Range from 19 69.5 10.6 9,5 
to 29 9843 16.2 beau 


G goalie 


24 Bolsedg193> red> Led 
7 x f sf i . , 


. 
Se 


Subject 


O01 G 
02 
03 
04 
05 
06 
07 
08 
10 
eee 
12 
14 
ic 
16 
17 
18 
19 
20 
24 
22 
ae 
io 
30 G 

Mean 

SD 

% CV 


APPENDIX A-V(b) 


Maximal Power of Olympic Hockey Players (n = 23) 


Range from 5.98 


to 


ee 


G goalie 


Estimated MPO5s MPO5s/ke MPO30s MPO30s/kg MV30s 
FMPO (W) (W/kg) (W) (W/kg) (rpm) 
(kp) 

8.41 791.5 10.63 675.3 9.06 81.9 
Legyy 1058.8 12.68 833.3 9.98 85.0 
9.06 906.0 11.28 789.6 9.83 88.9 
12.59" 1023.5 10.41 853.0 8.68 87.0 
10.07" 1023.5 12.56 849.0 10.42 86.6 
9.54 993.3 12.11 868.9 10.60 92.9 
6.80 819.4 10.63 717.5 9.31 107.7 
11.50" 1023.5 11.55 842.2 9.51 85.1 
9.46 990.5 13.12 763.3 10.11 82.3 
V03- 752.9 10.03 691.2 9.20 70.5 
9,87 888, 3 11.17 743.2 9,35 76.8 
9.76 878.4 10.84 700.4 8.65 73.2 
9.53 964.2 12,04 794.2 9.91 85.0 
10.25 988, 2 11.82 808.8 9.68 82.5 
12.45" 864.7 9.10 714.7 7.52 7289 
iMeacn Tid 13.29 891.2 10.33 90.9 
5.98 932.2 12.60 740.5 10.01 126.3 
9.00 1074.7 13633 915.0 lik, ete 103.7 
9.48 981.5 12.07 835.6 10.28 89.9 
9.78 966.5 11.95 752.7 9.30 78.5 
7.20 855.5 11.08 691.8 8.96 98.0 
11.27" 952.9 12.08 746.7 9.08 73.1 
9,27 812.5 11.69 638.9 9.19 70.3 
9.77 943.0 MGS Mn ST TSeL 9, 58 86.5 
1.61 96.7 1.05 7h. 6 0.78 12.9 
16.5 10.3 9.0 9.6 8.16 8.1 

752.9 9, 10 638.9 7.52 70.3 
12.59 1147.1 is.a5 915.0 11.35 126.3 


* 10.0 kp setting used 


g#\eS0OIM gOtOUM 


(eS = ¢) srayelé e i 


* 
> wr 
, 


——s a 


(yA) (43) 
wa 


r4 - 


50 04 ec0ar. GBR S002 oy, th 
ee Ol ce: Se tue ie oO 


vk i. 


a0.e ea) I 
*% oy 

eset ae Notes 

' ne care 


APPENDIX B-I 


APPENDIX B-II 


APPENDIX B 


Pairwise Dependent t-Test for Difference 
between MPO30s and PO at mean FMPO 


Pairwise Dependent t-Test for Difference 
between MPO30s and POWIN 
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APPENDIX B-I 


Pairwise-Dependent t-Test for Difference 
Between MPO30s and PO at Mean 
FMPO = 7.21 kp (n = 12) 


MP030s PO at Mean Difference 

(W) FMPO (W) (W) 
788.2 6624 123.3 
650.6 492.1 158.5 
rk 3 ew i Beaca 28.8 

655.3 655.3 0 
dake ck 678.0 107.3 
605.5 564.8 40.7 
349.0 ye a) boas 
535.4 487.8 47.6 
625.6 993.6 sae 
52259 448.8 74.1 
505.8 456.4 49.4 
Tat, 5 pe hae 47.8 
Mean 649.7 587.4 6253 
SD 102.0 Oona 45.9 
7, GV dine i) 17.0 Ie 

Range from 505.8 448.8 0 
to 788.2 pays 15875 

To test Ho 14, 4 0 
vs. Hy 2 Uy 7 0 


where the sample values are pairwise-dependent. If the popula- 
tion of all potential differences is normal, then: 


t=d-0 where n = number of pairs of 
SD/ Vr observations 
= 62.3 
45.9/ V12 
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and reject Hy are 
t VYeritical t at = .05 for 11 degrees of freedom 
71.796 


There was a significant difference (p <.05) between MPO30s and 
the PO at mean FMPO, 
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APPENDIX B-II 


Pairwise-Dependent t-Test for Difference 
Between MPO30s and POWIN 


MPO30s PO at Mean Difference 
(W) FMPO (W) (W) 

788.2 641.6 146.6 

650.6 556.4 94.2 

Fi: ie Pae.2 28.8 

655.2 608.8 46.5 

jaowe 647.1 Bs}. Oy 

605.5 Doce 42.6 

579.0 Deas meee 

535.4 571.6 -36.2 

625.6 ep be gh 20s 

Daan 491.2 CHEST 

505.8 464.1 41.7 

761.35 643.3 118.2 

Mean 649.7 588.5 Osta 
SD 102.0 Den yaa 
%oCV Za EF) 9.0 86.8 
Range from 505.8 464.1 re | sas 
to 28002 they ase | 146.6 

To test Ho uss 0 
vs. H, : 4, ety, 


where the sample values are pairwise-dependent. If the popula- 
tion of all potential differences is normal, then: 


t=d-0 where n = number of pairs of 
SD/ Yn observations 
= 61.3 
53. 2/iy 12; 
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and reject Ho pH es 
t ?critical t at % = .05 for 11 degrees of freedom 
71.796 


There was a significant difference (p<.05) between MPO30s and the 
PO at mean FMPO, 
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APPENDIX C 


Reliability of Maximal Power Output 
for the Experimental Subjects 
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APPENDIX C 


Reliability of Maximal Power Output 


for Experimental Subjects (n = 11) 
Subject Test Retest Test Retest 
MPO5s MPO5s MPO3 Os MPO3 0s 
(W) (W) (W) (W) 

me tt) 102355 a 788.2 - 
02 137.1 741.2 650.6 62o29 
03 1050.0 1065.0 VoLe gf 41ig 
04 852.9 844.4 655.9 apes tee 
05 952.9 968.8 fis te Ae 774.7 
06 766.3 754.4 BUD. 622.7 
07 754.4 806.0 Oo Ie 620.7 
08 637.4 724.7 535.4 571.6 
09 786.8 672.8 625.6 609.1 
10 698.8 634.4 SPN) 472.4 
oak 663.2 647.1 505.8 4260.3 
12 SRE, 979.4 TOOLS 157.9 

Mean = 806.0 801.6 OF ast 640.0 

Difference 

of Means 4.4 2 

SD Io 9 140.8 97s 2 98.4 

e CV 1360) Ly NS 15.4 

roe 00912 Tess, 962 


* missing data, row entry omitted in above calculations 
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APPENDIX D 


APPENDIX D-I Matrix of Correlation Coefficients for 
Regression Variables 


APPENDIX D-II Summary of Stepwise Multiple Regression 
Analyses 


APPENDIX D-III A Conservative Estimate of Ro 
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APPENDIX D-II 


Summary of Stepwise Multiple Regression Analyses 


Dependent Variable is FMPO. 


Probability to enter and remove independent variable is 0.05. 


Step number’ A Bl B2 
Variable entered #12. POSkp #6. Leg volume 
Degrees of freedom total 11 ANB: 11 
regression 1 1 2 
residual 10 10 9 
Overall F 14. 9592 tench) 14.4079 
Probability 0.0031 0.0057 0.0016 
Multiple correlation 0.7742 0.7426 OFo7 2a 
Standard deviation 
of residuals 1.0202 1.0795 0.8289 
Partial B 0.0291 Ie 2927 Ze L124 60.21 5e 
Probability 0.0031 0.0057 0.0018, 0.0200 
Constant term in equation -9.0166 -2.4179 -0.4914 
Partial correlation 
coefficients of variables 
not entered 1 0523/6 0.1028 0.3036 
2 0.4149 0.4124 0.0036 
3 0.0080 0.6852 - 
4 0.4549 0. 5191 0.2940 
& 0.4098 Oa 922 0.1473 
6 0.3807 - - 
7 0.2890 Oso os 7 Oe2207 
8 0.0499 0.2090 0.0999 
9 0.1144 0.2250 0.0905 
10 071552 0.0458 0.0811 
a 0.1802 0.0829 0.0497 
12 = * a 
13 0, 1986 * * 
Variables yet to 
enter no yes no 
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APPENDIX D-II (continued) 


Note * PO5kp and PO6kp not entered in independent variable list for 
series B regression. 


regression series A yielded only one significant independent 
variable. PO5kp and series B, without independent pretest 
variables, PO5kp and PO6kp, included, yielded only two signifi- 
cant anthropometric independent variables, 
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APPENDIX D-III 


A Conservative Estimate of R? 


The formula for the conservative estimate of R? was proposed by 
Kerlinger (1973): 


2 
Where R. is R? corrected for small sample size 
N is size of sample 


n is total number of variables in the analysis 
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E-II 
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E-1V 
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APPENDIX E 


Distribution of FMPO Residuals Versus 
True FMPO 


Distribution of FMPO Residuals Versus 
Leg Volume 


Distribution of FMPO Residuals Versus 
Weight 


Distribution of FMPO Residuals Versus 
PO5kp 


Unidimensional Scatter Plots of FMPO 
Residuals as a Test of Normality 


Comparison of True and Estimated FMPO 
and MP0303 
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APPENDIX E-V 


Unidimensional scatter plots of the residual errors of FMPO 
as a test of normality (Kleinbaum and Kupper, 1978). 


(a) Based on anthropometric data 
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(b) Based on pretest data 
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APPENDIX E-VI 


Comparison of True and Estimated FMPO and MPO30s 


Anthropometrically 
Subject Estimated 
Number FMPO FMPO Difference MPO30s PO at Difference 
(kp) (W) FMPO 
1 10.0 8.5 ape a 788.2 780.0 antes 
2 6.0 ra) -1.0 650.6 492.1 coo he hee, 
> 8.5 9.5 -1.0 781.7 780.5 ged 
4 lees Te2o 0 655.2 655.3 0 
5 9.0 9.0 0 799,'3 785.3 0 
6 6.75 6.5 eter ae, Bee 589.5 atak 
7 6.75 6.75 0 620.7 620.7 0 
8 Spe. 5.0 +0.5 5/160 532.4 Stas 
9 6.95 6.25 0 625.6 625.0 0 
10 6.0 7.0 -1.0 By eS, 448.8 14.1 
5 | a. = As. -0.25 es 501.2 25st. 
12 9.0 8.0 +1.0 787.9 Jhoed 74,2 
Mean Je ok Weak 1. 388 661.6 6Z/7,.1 34.5 
SD 1.47 Reet 0.743 96.6 114.2 45.8 
Range from 30D =yut 0 Dawes 448.8 0 


to 10.0 Pe deo 788. 2 785.5 156.9 
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